


QUALITY OF WATER

COLORADO RIVER BASIN

PROGRESS REPORT No.4

JANUARY 1969

UNITED STATES
DEPARTMENT OF THE INTERIOR
Stewart L. Udall, Secretary



4

| 3uno14

\ CPipedate
)

)
. /
5 ; !
: w/ Y. o |
! i
PA;{LL.ndle )
[— T NSEEDSKADEE
: o Kemmeores ‘./\
ﬁvsm&s B
o i
) Rock i
J % Springs (w\ ‘
i g" \ Flaming Gorge )
/ ! Resorvolr
AYMAN e —— N
) ST e
\ FLAMING GORGY NJhN ¢ -
- DAM
\ FOUR COUNTY
| \ R, Graig
> UINTAH UNIT (CUP) XPIMI Y{’fl&a Ve N‘f\,v/u e
/ @ SO JeNsEN UNIT (CUP) el
- B GREEN MOUNTAIN /.
BONNEVILLE UNIT (CUP jwnite/ Sten o Ay 7 ENGLEWOOD .
- M - s
N N2 RN [ —
e .
/
il
ar ST * o PUEBLO, DENVER, AURORA 8
| RUEDI RESERVOIR” S WEST DIVIDE d wf“m SPRINGS
. A_;nomssuxe
TN FRZkNGAPb:\SN-
KANSAS
N o/ rand R
: Junctien
2 . :O Gunntson
\49 R FRUITLAND MESA
A% 2, uonnov FonT o
> 5
»  gosTwicK e,
J : H b PARK u.ut -cs‘
] ( \ < \ DALLAS “CReex
N E \
\,\V ‘. 2 msu L
tY
‘ i
T P DOLORES) / )
l Juan 6 unngl
| ANIMAS
: ! La pLATA
p - EXPANSION SAN JUAN CHAMA ‘
S &  HOGBACK |
4’,‘59 GLEN CANYON . MBI ARIZONA '\ ver NAVAJO }
DaM @, \ Dam H
! UPPER oo((o, NAVAJO INDIAN ;
Lake OWER o’h'°° IRRIGATION |
Meas  fIf %
SOUTHERN\NEVADA WATER i ) 0. |
7 () |
e 1 oY
nooven 4 N /4 ¢ %) ’L‘@ ,‘?‘:\\ |
: o Y X EXEY 5
s S . |
ake OAR ;
\ Mohave BORRRRY |
Cos o Gallup ‘
on, \
%
. oflogstaff
FORT \MOHAVE (MDIAN » /
CHEMEHUEV! IND RESERVATION Lvop
RESERVATION N & £ W
2 San Carlos Lake ‘
!
|
I
i
UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

COLORADO RIVER BASIN

QUALITY OF WATER MAP

25 ]
EEH:,—Z%Q“‘”—‘ ZFﬁ—'——_——_Igg_'ig&;%'m
SCALE OF MILES
65—-400 -70
JULY 17, 1962
REVISED SEPTEMBER 1968




QUALITY OF WATER
COLORADO RIVER BASIN
PROGRESS REPORT

CONTENTS

Summary . . . . e e e e e e e e e e e e e e e e e e e e e
Part I. Introduction .« ¢« ¢« ¢ ¢ ¢ ¢ ¢« ¢« ¢ o o o o o o o . .
A. ILegislative Requirements . . . . . . . . . .
B. Previous Reports . . . . . « ¢« ¢ & « ¢« « ¢ &
C. Cooperation . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢« o ¢ o o o &
D. SCOPE & ¢ & ¢ o« o o o o o o ¢« o s o o o o

E. ©State Standards . . . . . ¢« ¢« ¢ + + ¢ o .
Part II. Description of Basin . . . . « ¢« « ¢« ¢« ¢ & 4 o . .
A, GeEOLOZY v &« o o o o o o o o o o « « o o o
B, S0O1Lls & ¢ ¢« ¢ v ¢ 6 o ¢ o e 6 o s e e o o
C. Climate . « ¢ o o & o o o o o o o o o o o »
D. Vegetation . . « . ¢ ¢« ¢« ¢« ¢« ¢ ¢ ¢ v & ¢« o .
E. HydrologZy =« « o« o« «o o o o o o o o o o o o &
Part ITI. History of Development . . . . . ¢ ¢« ¢ ¢« « o « « &
A. Acres Irrigated Prior to CRSP Authorization
B. Depletions . « ¢ ¢ v ¢ ¢ ¢ ¢« ¢« o o o o o o &
C. Water Compact and Treaties . . . . . « . . .
1. Colorado River Compgct . . . . . . .
2. Mexican Treaty . . « ¢ ¢« ¢ ¢ o ¢ o &
3. Upper Colorado River Basin Compact .

4. Arizona v. California Suit in the

Supreme Court . . « « ¢« ¢« ¢« ¢ o & &
D. Economic Conditions . . . ¢« ¢« &« ¢ « « « o« &
Part IV. Future Development . . . . ¢ ¢ ¢ ¢ ¢ ¢« o ¢« & « o .
A. Irrigation . . . . ¢ ¢ ¢ ¢ v o 0 v e e e e

B. Depletions on New Projects . . . . . . . .
C. Economic Impact . . . ¢« « ¢« ¢ ¢ ¢« & o« o o &
D. Current Proposals . .« ¢ ¢ ¢ « o « o o« o o &«
Part V. Basic Studies . . ¢« + ¢ v v e b e 4 e e e e e e e .
A. Objectives . « . ¢ ¢ ¢« ¢ ¢ ¢« v v o « o 4 o s

B. Key Stations . . . . . . . ¢ ¢ o o o o .

. Stations with Complete Records . . .
. Green River near Green River, Wyoming
. Green River near Greendale, Utah, and

near Ouray, Utah . . . . . . . . .
Duchesne River near Randlett, Utah .
San Juan River near Archuleta,

New MexicO « v ¢ v o ¢« v o o o o
. San Rafael River near Green River,
Utah . . . ¢ ¢ ¢« ¢ ¢« ¢ v ¢« ¢ o v

()N B~ w -

&
\O(DCD#‘-F’UOI’\)!\)(\)H(D




CONTENTS (Continued)

Part V. Basic Studies (Continued)
B. Key Stations (Continued)
T. Colorado River at Lees Ferry,
ATIZONA « o o o o o o o« o o o o o v o . 2k
8. Colorado River near Grand Canyon,
ATiZONa o o ¢ o o « o o o o s o o o o o 25
9. Virgin River at Littlefield, Arizona . . 25
10. Colorado River Below Hoover Dam,
Arizona-Nevada . . . . . . e e e e« . 25
11. Colorado River Below Parker Dam
Arizona-California . . . + « « o« « « . 25
12. Colorado River at Imperial Dam,
Arizona-California . . « « « ¢« « « « o 25
ANBLYSES v v o o o o v o o o o o e e e e e .. 26
Studies of Certain ATe€as . . « « + « « + « « « . 26
1. Eden Project =« « « « o« « o o o« o « o « . 26
2. TFlorida Project « + « « o « o « o« o« « « . 28
. 3. Chemical Quality of the Colorado River
i Below Lees Ferry . « « « « « o « « « « 31
E. Effects of Impoundments . . + « « ¢« « « « « « « 33
i 1. Flaming Gorge Reservoir . . . . . . . . . 33
i Quality of Water in Reservoir . . . . 33

Y Q

H Quality of Inflow Waters . . . ... 38
: ‘ Initial Effects of Closure on the
Green River Downstream . . . . . . . 40
. Take Powell « « v o o o o o« o o o « « « « U3
F. Nonagricultural Sources of Salinity . . . . . . 43 5

1. Contribution of Salts to the River
System by Springs and Tributaries . . . ko
Paria RIVET .+ « v v « « « « « « « « « U9
Little Colorado River . . . . . . . . 50
Bright Angel Creek . . . . . . . . . . DOl
Tapeats Creek . « o ¢« « ¢ « « « o « « DL
Kanab Creek .« v ¢« « o o o o o o « o« o 52
Havasu Creek . « v o« o « o o o o o « o 52

Other Tributaries Between Glen
Canyon Dam and Lake Mead . . . . . . 53
Virgin River . . « « « ¢« « « « « « « « D3

2. Summary of Contribution by Springs and

Tributari€s o « o o o « « o o o « « o o« 5k

G. Sedimentation Studies .« . ¢« +« « « 4 4 . e o o o 55
Part VI. Quality of Water .« . « ¢ « v o o o o o o o o o o o o o 58
A. Historic Condition . . « « « v « « o« « « « « « + 58
B. Jonic Loads . « « o+ .« e « o s e e e s e« « « 59
C. Present Modified Condltlon P @
D. Tndustrial Wastes .« « « « « o o o o « « « « « . 61
E. Municipal Problems . « « « « ¢ « o o « o « « » o 61

F. Temperature Effects . « v « « « o o o o « o o« o 62

ii




Part VII.

'CONTENTS (Continued)

Anticipated Effects of Additional Developments . . .
Description of Projects . . « . ¢« ¢« ¢« ¢« « o &

A.

1.

2.

3.

k.

5.

Increment No. 1 . . . ¢« ¢« ¢« « ¢« o « o &
Glen Canyon Unit . . . . . . . . . .
Flaming Gorge Unit . . . . . . . . .
Navajo Unit . . . « « « ¢ ¢« ¢« « o &
Curecanti Unit . . . . . « .« « ¢« ¢« &

Increment No. 2 « « ¢ ¢ v ¢ ¢ ¢ ¢ « o« &
Seedskadee Project . . « .+ « . . . .
Lyman Project . . « . ¢« ¢ ¢« ¢« o o &
Emery County Project . . . . . . . .
Silt Projeet . . . . ¢ o o o 0 . .
Fruitland Mesa Project . . . . . . .
Bostwick Park Project . . « . . . .
Savery-Pot Hook Project . . . . . .
Bonneville Unit--Central Utah

Project . « . ¢ ¢ o o 0 0 0 o o
Upalco and Jensen Units--Central

Utah Project . . . . « « « « « « &
Denver, Englewood, Colorado Springs,

and Pueblo Diversions . . . . . .
M&I Green Mountain . . . . . . « . .
Expansion Hogback . . . . . . . « .
Homestake Project . . . . . « . « .
Private Industrial Developments . .
Independence Pass Expansion . . . .

Increment No. 3 + ¢« &« &« & v o ¢ o o o
San Juan-Chama Project . . . . . . .
Navajo Indian Irrigation Project . .
Fryingpan-Arkansas Project . . . . .

Increment No. 4 . . . . . . . . . . ..
Dixie Project . . . +« ¢ « « « o . .
Southern Nevada Water Project . . .
Fort Mohave Indian Reservation . . .
Chemehuevi Indian Reservation . . .
Lower Colorado River Indian

Reservation . .« ¢« « ¢« ¢« ¢ « o . .
Central Arizona Project . . . . . .
Lower Colorado River

Channelization . . . . . « . « . .

Increment No. 5 ¢ ¢ ¢ ¢ ¢ ¢ o o o o o @

Four County, Colorado . . . . . . .

Uintah Unit, Utah . . . . . . . . .

Dolores, Colorado .« « « « o« ¢ « « &

San Miguel, Colorado . . . « « « « &

Dallas Creek, Colorado « . « « . . .

M&I Ruedi Reservoir, Colorado . . .

Animas-La Plata, Colorado . . . . .

. 66
. 66
. 66
. 67
. 67
. 67
. 68
. 68
. 68
. 68
. 68
. 69
. 69
. 69
. 69
. T0
. T0
. 70
. 70
. 70
. 70
.71
. 71

71
. Tl
. T2
. 72
. T2
. T3
. T3
. 73

g
. Th
.Th
. 715
. 15
.15
. 15
. T6
. 76
. 76
. 76




CONTENTS (Continued )

Page
Part VII. Anticipated Effects of Additional Developments
‘ (Continued)
A. Description of Projects (Continued)
5. Increment No. 5 (Continued)
Cheyenne, Wyoming . . . . . . . . . . T7
Resources, Incorporated . . . . . . . T7T
M&I in Arizona . . . . . . . . . . . TT
West Divide, Colorado . . . . . . . . T7
B. Incremental Effects . . . . . . . . . . . . . . T7
1. Increment No. 1 N
2. Increment No. 2 . . . . .. . . .. .. T8
3. Increment No. 3 . . . . . . . . .+« .« . T9
4., TIncrement No. 4 . . .. . . ... ... 80
5. Increment No. 5 . . . ... ...... 81
Part VIII. Objectives . . v v v v v v v v v v v v v e v e e v .. 8
A. Suitability for Irrigation . . . . . . . . . . 82
B. Suitability for Industrial Use . . . . . . . . 82 5
C. Suitability for Domestic Use . . . . . . . . . 83 '
Part IX. Salinity Control . . . . . « « v« = ¢« ¢ v v v v« « . . 85
A. Identification of Sources « . . . « + « . . . . 85
B. Control Measures . . « « « « « « « « « « « « . 85
C. Present Control Program . . . . . . « . . . . . 86
i D. Future Work . . . . v v v v v v v v v = . . .. 86
4 Part X. ConcluSions .« v v v v v 4 e 4 e e e e e e e e e ... BT

iv




i NV

s

kil

10.
11.
12.

13.

TABLES

Quality Data of Minor Tributaries to Flaming Gorge

Reservoir . . . e e e e e e e e e e e e e e e e e
Green River near Greendale Before and After Closure of
Flaming Gorge Dam . . . . . . . . . . . .

Mineral and Saline Springs, Upper Colorado Rlver Bas1n
Mineral and Saline Wells, Upper Colorado River Basin .
Temperature of Water, Colorado River at Lees Ferry,

APizona . o ¢ v ¢« 4 ¢ e 4 e e 4 e e 8 e e e s e e e e
Temperature of Water, Colorado River near Grand Canyon,
ATIiZONA o ¢ « o « o o o« o o o o 0 4 e e e 4 e e
Temperature of Water, Virgin River at Littlefield,
ATIiZONE v o« ¢« o o o o« e e 4 4 e e e e e e e ..
Temperature of Water, Colorado River Below Hoover Dam,
Arizona-Nevada . .+ « « o « o v o « o« o & e e .
Temperature of Water, Colorado River Below Parker Dam,
Arizona-California . . . . « . . . e e e e e .
Temperature of Water, Colorado River at Imperlal Dam,
Arizona-California . . « ¢« ¢ ¢ ¢ ¢« « ¢« o + o o =«

Flow and Quality of
River, Wyoming .
Flow and Quality of
Greendale, Utah .
Flow and Quality of
Randlett, Utah .
Flow and Quality of
Ouray, Utah . . .
Flow and Quality of
River, Utah .
Flow and Quality of

Green River, Utah .

Flow and Quality of
Glenwood Springs,
Flow and Quality of
Cameo, Colorado .
Flow and Quality of

Water Data,
Water Data,
Water Data,

- . . . . .

Water Data,
ﬁaéeé Da%a;
ﬁa%eé ﬁaéa;
Wa%eé ba£a;
Colorado .

Water Data,

Water Data,

Green River near Green
éréeé éi;eé éeér. Co
Duchesne River near
Gréeﬁ éi&ef ﬂeér. S

. . . . . . . .

Green River at Green

Grand Junction, Colorado
Flow and Quality of Water Data,
Cisco, Utah .

Flow and Quality of Water Data,
Archuleta, New Mexico . .
Flow and Quality of Water Data,

Bluff, Utah . . .
Flow and Quality of water Data,
Iees Ferry, Arizona . ..

-

San Rafael River near

Colorado
Colorado

Gunnison
Colorado
San Juan
Sen Juan
Colorado

River near
River near

River near

River near

River near
River near
River at

. . . -

Lo
L2
L8

89
93
9T

101
105
109
113
117
121
125
129
133
137




B T ——

1h.
15.
16.

17.

18.

19.

20.
21.

22.
3.
ok,
25.
26.
27.
28.
29.
30.
31.
32.
33.
3.
35.
36.
37.
38.

TABLES (Continued )

Flow and Quality of Water Data, Colorado River near

Grand Canyon, Arizona . . « « « « « « « &

-

Flow and Quality of Water Data, Virgin River at

Littlefield, Arizona . . . . e e s e e

Flow and Quality of Water Data, Colorado River Below

Hoover Dam, Arizona-Nevada . . . . . . . .

Flow and Quality of Water Data, Colorado River Below

Parker Dam, Arizona-California . . . . . .

Flow and Quality of Water Data, Colorado River at

Imperial Dam, Arizona-California . . . . .

Summary of Anticipated Effects of Additional Developments

on Quality of Water at Nineteen Stations .
Projects Depleting Colorado River Water . .
Annual Summary--Dissolved Constituent Loads,

near Green River, Wyoming . . . . . . . .
Annual Summary--Dissolved Constituent Loads,

near Greendale, Utah . . . . . . . . . . .
Annual Summary--Dissolved Constituent Loads,

River near Randlett, Utah . . . . . . .
Annual. Summary--Dlssolved Constituent Loads,

near Quray, Utah . . . . . . . . . . . . .
Annual Summary--Dissolved Constituent Loads,

at Green River, Utah . . . . . . . . . . .
Annual Summary--Dissolved Constituent Loads,

River near Green River, Utah . . . . . . .
Annual Summary--Dissolved Constituent Loads,

River near Glenwood Springs, Colorado . .
Annual Summary--Dissolved Constituent Loads,

River near Cameo, Colorado . . . . . . . .
Annual Summary--Dissolved Constituent Loads,

River near Grand Junction, Colorado . . .
Annual Summary--Dissolved Constituent Loads,

River near Cisco, Utah . . . . . e ..
Annual Summary--Dissolved Constltuent Loads,

River near Archuleta, New Mexico . . . .
Annual Summary--Dissolved Constituent Loads,

River near Bluff, Utah . . . . . . . . . .
Annual Summary--Dissolved Constituent Loads,

River at Lees Ferry, Arizona . . . . . . .
Annual Summary--Dissolved Constituent Loads,

River near Grand Canyon, Arizona . . . . .
Annual Summary--Dissolved Constituent Loads,

River at Littlefield, Arizona . . . . . .
Annual Summary--Dissolved Constituent Loads,

River Below Hoover Dam, Arizona-Nevada .
Annual Summary--Dissolved Constituent Loads,

River Below Parker Dam, Arizona-California .

Annual Summary--Dissolved Constituent Loads,
River at Imperial Dam, Arizona-California

vi

éréeé ﬁi&eé
éréea ﬁiéeé
Duéhésﬁe. .
éréeﬁ ﬁiéer
Gréeé éi;eé
éaﬁ ﬁaéaél.
Coioéaéo.

Colorado
éuﬂnisén. .
Colorado
éaA Juén'

San Jusn

. . . . . .

Colorado
éoio;aéo.
&irgin. ..
Colorado
Coioéaéo.

Colorado

. . . .

141
145
149
153
157

161
162

163
163
164
164
165
165
166
166
167
167
168
168
169
169
170
170
171

171




TABLES (Continued)

g

39. Historical Flow and Sedimentation Data--Green River

near Jensen, Utah . . . . o ¢« ¢« « ¢ ¢ ¢ ¢ ¢« ¢« o 0 0 0 e 172
L4o. Historical Flow and Sedimentation Data--Green River

at Green River, Utah . . . ¢ « ¢ ¢« « ¢« ¢« ¢ o ¢ o« o o & o & 173
L4L1. Historical Flow and Sedimentation Data--Colorado

River near Cisco, Utah . . . . « ¢« « ¢ ¢ o ¢ ¢ ¢« « « o o« & 175
L2, Historical Flow and Sedimentation Data--San Juan
River near Bluff, Utah . . . . . e e e e e e e e e e e e 177

43. Historical Flow and Sedimentation Data—-Colorado
River at Lees Ferry, Arizona . . « « « ¢« « o o ¢ o « o o o 179
4L, Historical Flow and Sedimentation Data--Colorado v
River near Grand Canyon, Arizona . . . « « « « « « « . . . 180

i i

o 3

l ;




FIGURES

No. Page
1. Quality of Water Map, Colorado River Basin . . . . . Frontispiece

2. Relation Between Annual Average Streamflow and

Dissolved-Solids Concentration, 1941-67, Colorado

River at Lees Ferry, Arizona . . « &« ¢« ¢ o o ¢« ¢« o ¢ « « o 32
3. Weighted Average Dissolved-Solids Concentrations,

Colorado River Below Lees Ferry, Arizonea . . . « « . . . . 34
4, Flaming Gorge Reservoir Area . . e « . . 35
5. Flaming Gorge Salinity, October 1966 and March 1967 .« .+ . 36
6. Flaming Gorge Salinity, September 1967 . . . . . « « « « « . 37
T. Chemical Composition of Water in Flaming Gorge Reserv01r,

Its Major Tributaries, and Green River Below the

Reservoir « ¢« ¢ ¢ ¢« ¢ ¢ ¢ o o o & e o + o s o e« o « e « 39
8. Water Quality of Green River near Greendale Before and

After Closure of Flaming Gorge Dam . . « « o ¢ « ¢ « « « o 41
9. Lake Powell Salinity, January and May 1966 . . . . . . . . . ULk
10. Lake Powell Salinity, July and October 1966 . . . . . . . . . L5
11. Colorado River at Lees Ferry--Sediment and Water Flow . . . . 56
12. Flow and Quality of Water Records, 1941-66 . . . . . . . . . 182




QUALITY OF WATER
COLORADO RIVER BASIN
PROGRESS REPORT

SUMMARY

This report presents the past, the present modified, and the expected
quality of water of the Colorado River down to Imperial Dam. The past is
represented by a tabulation of the recorded or estimated historic condi-
tion at 18 quality of water stations for the 1941-66 period. The present
modified condition includes adjustments of the historic condition based
on the assumption that new developments completed during the 1941-66
period were in operation for the full period. The expected quality con-
dition is an estimate of the quality situation after the presently author-
ized developments and some projects proposed for authorization are placed
in operation. The effects of authorized and proposed developments are
presented in five different increments. These effects are primarily re-
lated to mineral quality although other quality factors are discussed in
the report.

Studies of chemical trends indicate that under historic conditions
the average concentration of dissolved solids of the Colorado River at
Lees Ferry had about 0.7k ton per acre-foot, below Hoover Dam about 0.94
ton per acre-foot, and at Imperial Dam about 1.02 tons per acre-foot for
the 1941-66 period.

Under present modified conditions (that is assuming that the recently
constructed projects were in operation for the entire period) the concen-
trations would have been about 0.80, 1.00, and 1.14 tons per acre-foot,
respectively, at the three stations.

It has been assumed for purposes of this study that the rate of pickup
of dissolved solids from new irrigated lands would vary from zero to 2
tons per acre. It is also assumed no additional pickup of dissolved solids
would occur for lands already under irrigation.

Under the expected condition, with all authorized projects and proj-
ects 5r0posed for authorization in operation and with an assumed pickup of
2 tons per acre on the new irrigated lands, the concentrations are esti-
mated to be 1.04 tons per acre-foot at Lees Ferry and 1.33 tons per acre-
foot below Hoover Dam. An estimated 1.65 tons per acre-foot would be at
Imperial Dam.

The depletions used in this report for the projects, both authorized
and proposed for authorization together with present developments and
other proposals, are estimated to be the ultimate depletions for the devel-
opments listed. Other developments, as yet not identifiable, are expected
to occur which will reduce the quantities of water shown for the various

stations and cause some changes in concentrations from those indicated in
this report.




PART I. INTRODUCTION

A. Legislative Requirements

This is the fourth progress report on Quality of Water in the Colo-
rado River Basin. The directive for preparing this and the three pre-
vious reports is contained in three separate Public Laws. The authorizing
legislation for the Colorado River Storage Project and participating proj-
ects, Public Law 485, 8Lth Congress, Second Session, was signed by the
President on April 11, 1956. Section 15 of that Public Law states, "The
Secretary of the Interior is directed to continue studies and make a re-
port to the Congress and to the States of the Colorado River Basin on the
quality of water of the Colorado River."

A progress report to comply with Public Law 84-485 was in prepara-
tion when the authorizing legislation for the San Juan~Chama Project and
the Navajo Indian Irrigation Project (P.L. 87-1483) became effective on
June 13, 1962. Section 15 of this act states, "The Secretary of the Inte-
rior is directed to continue his studies of the quality of water of the
Colorado River system, to appraise its suitability for municipal, domestic,
and industrial use and for irrigation in the various areas in the United
States in which it is used or proposed to be used, to estimate the effect
of additional developments involving its storage and use (whether hereto-
fore authorized or contemplated for authorization) on the remaining water
available for use in the United States, to study all possible means of
improving the quality of such water and of alleviating the 111 effects of
water of poor quality, and to report the results of his studies and esti-
mates to the Eighty-seventh Congress and every two years thereafter."

A few weeks later Public Law 590, 8Tth Congress, Second Session,
which authorized the Fryingpan-Arkansas Project, was passed, with a sim-
ilar section pertaining to quality of water reports. This public law,
however, stipulated that January 3, 1963, would be the submission date
for the initial report and that the reports should be submitted every 2
years thereafter.

B. Previous Reports

The January 1963 report prepared by the Department of the Interior
was comprised of two parts: (1) an assessment of the water quality sit-
uation in the part of the Colorado River Basin above Lee Ferry, Arizona,
as of 1957, prepared by the Geological Survey; and (2) a projection of
the water quality effects to be expected from additional developments

that involve storage and irrigation use of river waters above Lee Ferry
by the Bureau of Reclamation.




INTRODUCTION

The January 1965 report appraised the water quality conditions in
the Colorado River Basin above Imperial Dam using the period 1941-61 as
a base and included data from two points not considered in the 1963 re-
port. Also, the 1967 report included 3 additional years of record and
included suspended sediment data for six stations.

In order to keep each report self-contained, it has been necessary
to include some of the text material and tables from these previous re-
ports in this fourth progress report dated January 1969.

Changes occurring since completion of the January 1967 Progress
Report include (1) consideration of the Hammond Project under present
modified conditions, (2) an average of about 9,000 acre-feet of water
now being used by Cheyenne, Wyoming, (3) the addition of another key
station, Colorado River near Glenwood Springs, (4) the net future ef-
fects of Upper Colorado River Storage Unit operations being limited to
evaporation only, (5) elimination of the Marble Canyon Project, (6)
addition of the Central Arizona Project by pumping, (7) addition of
the Fort Mohave and Chemehuevi Indian lands, and (8) addition of the
Colorado River Indian Project. Other additions include 2 more years
of record through 1966, discussions of state water quality standards,
industrial wastes, municipal problems, temperature data, and salinity
control.

C. Cooperation

This report has been prepared chiefly by the Bureau of Reclamation.
The Geological Survey provided most of the basic data, prepared the sec-
tions of "basic studies" on the lower Colorado River, Flaming Gorge Res-
ervoir, and most of the nonagricultural sources of salinity. A contin-
uing cooperative program between the Bureau of Reclamation and the Survey
for the collection of streamflow quality data and the exchange of in-
formation has been in effect for a number of years. This cooperation
provides for the collection of data at stations other than those normally
maintained by the Survey in order to obtain additional data at key points
in the basin. The Federal Water Pollution Control Administration who
collects samples where needed in areas not covered by the U.S. Geologi-
cal Survey or Bureau of Reclamation has also reviewed this report. Data
collected by the Metropolitan Water District of Southern California have
also been included in this report.

Below Hoover Dam, water quality along the main stem of the river is
determined by analyzing daily samples taken at key stations. Data ob-
tained above each project diversion and below the return flow from each
project show the effect of irrigation on water quality in each section
of the river. Data are obtained periodically at various points along
the river and in drains in cooperation with the U.S. Geological Survey,
the Colorado River Indian Agency, the Metropolitan Water District of
Los Angeles, the Imperial Irrigation District, and others.

3
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INTRODUCTION
D. Scope’

This report includes information on the quality of water in the
Colorado River Basin down to Imperial Dam for the 1941-66 period. The
water quality situation below Imperial Dam is covered in the February
1963 report titled, "Special Studies--Delivery of Water to Mexico,"
prepared by the Department of the Interior, Bureau of Reclamation, Re-
gion 3. A description of the then existing projects below Hoover Dam
is also included in that report.

Information on sediment loads at several key stations is included

to show the effect the storage reservoirs have had in decreasing sedi-
ment in the Colorado River.

E. State Standards

Nationwide attention has been focused on water quality in recent
years, particularly in the Eastern States where a combination of low run-
off and increased pollution has emphasized the problem. The Colorado
River thus far has not been polluted by industries to the extent some of
the eastern rivers have been; however, the limited supply in the Colo-
rado River has made it necessary that careful attention be given to qual-
ity because of extensive uses by agriculture and municipalities.

Since each use entails some alteration of the water, close surveil-
lance of the quality is becoming a necessity. Most quality problems are
linked directly with quantity--when the quantity increases,the quality
improves. With the increased use of water this situation is reversed
and the problem of maintaining the required quality becomes critical.

Because of the critical need for good quality water, the Federal
Government has enacted legislation requiring states to establish stand-
ards for the interstate streams.

The basic Federal Water Pollution Control Act known as Public Law
84-660 was passed in 1956. Amendments were made in 1961 under Public Law
87-88. In 1965 additional amendments were made in the act now known as
the Water Quality Act of 1965 (Public Law 89-234). The most recent amend-
ment 'was made in 1966. This is known as the Clean Water Restoration Act

of 1966 (Public Law 89-753).

Under the Federal Water Pollution Control Act amended by the Water
Quality Act of 1965, each state was required (1) to submit by October 2,
1966, a letter of intent that such a state, after public hearings, would
before June 30, 1967, adopt water quality criteria applicable to inter-
state waters or portions thereof within such state and (2) adopt a plan
of implementation and enforcement of the adopted criteria. In event the
state did not act within the specified time, the Federal Government was
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empowered to establish such criteria or standards. The standards sub-
mitted by the states would be subject to review and approval by the
Secretary of the Interior.

The Federal Water Pollution Control Administration prepared a set
of guidelines which was designed to interpret the act in such a way that
states could proceed to develop standards and plans of implementation
which would be acceptable.

The Colorado River Basin States conferees (representatives of the
state agency concerned with the health and pollution problems of the
state) drafted a special "Guidelines for Formulating Water Quality
Standards for the Interstate Waters of the Colorado River System." 1In
drafting this guideline, it was recognized that water quality standards
could drastically restrict present and future uses of the Colorado River
water under existing compacts. The seven Colorado River Basin States
therefore agreed among themselves and recommended to the Secretary of
the Interior that specific numerical limits on salinity should not be
established in the state standards with regard to the Colorado River
and its tributaries until further detailed studies were made which would
give a better basis for selection of the limits. This is the present
status of the standards within the basin as far as salinity is concerned.

The Secretary of Interior, Stewart Udall, expressed his views con-
cerning the quality of water standards for the Colorado River in his
statement of January 30, 1968, to the House Subcommittee on Irrigation
and Reclamation (House Document 90-5, Colorado River Basin Project, Part
II, p. 705-706). His statement is as follows:

"The Colorado River is the only major river of the world
that is virtually completely controlled. With the existing
system of large storage reservoirs it is possible to plan, for
all practical purposes, on complete utilization of the river's
runoff with no utilizable water escaping to the sea. This means
that the limited water supply in the Colorado River Basin must
be used and reused and then used again for a wide variety of
purposes. In this complete utilization of runoff, the Colorado
Basin is unique.

"The River is unique also with respect to the number and
extent of the institutional constraints on the division and
use of the Basin's water which include an international treaty,
two interstate water compacts, Supreme Court decisions, Indian
water rights, State water laws, and Federal Law.

"These two aspects, in turn, make the problem of setting
numerical mineral gquality standards for the Colorado River

not only unique but extremely complicated. Before discussing
this problem further, I would like to state that salinity
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standards will not be established until we have sufficient
information to assure that such standards will be equitable,
workable, and enforceable.

"The principal water uses in the Basin include irrigated
agriculture, municipal and industrial water supply, fish and
aquatic life, and recreation. Salinity in the Colorado River
has no significant effect on instream or nonconsumptive water
uses such as hydroelectric power generation and water-oriented
recreation. However, ever-increasing levels of salinity do
have an adverse impact on the consumptive uses of water for
both irrigated agriculture and municipal and industrial water

g supply.
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"Further development and depletion of water allocated to
the Upper Basin States will raise the salinity of water down-
stream.

"Salinity standards must be so framed that they will not
impede the growing economy of the Colorado River Basin and
yet not permit unwarranted degradation of water quality. This
is the hard dilemma which is the core of the problem of estab-
lishing equitable salinity standards.

"A decision not to set salinity standards at this time
does not and will not preclude getting started with programs
to study and demonstrate the feasibility of controlling and
alleviating the Basin's salinity problem. Promising methods
of attacking this problem include (1) control of natural
sources by such methods as suppression or diversion of min-
eral springs; (2) control of municipal and industrial wastes
by lagooning or injection into deep geological formations;

(3) reduction of salt loads from irrigated lands by such
measures as rejection of areas of saline soils in new devel-
opments, improved irrigation practices, and control of drain-
age water; (4) alleviation of water losses through reduction

. of evaporation and evapo-transpiration, and control of phreat-
i ophytes; and (5) removal of salts by desalting.

"Water quality also can be improved by measures to in-
Crease water supplies such as weather modification and aug-
mentation by desalted sea water which I have previously dis-
cussed. These potentials for improving water quality are
being explored. The Colorado River Basin Water Quality Con-
trol Project of the Federal Water Pollution Control Admin-
istration will complete by the end of 1968 a comprehensive
report describing the mineral quality of the Basin's waters,
delineating the causes of salinity and future increases
thereof, assessing the effects of salinity on beneficial
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water uses and evaluating the economic impact of existing and
future mineral quality. The Bureau of Reclamation, for sev-
eral years, has been giving greater attention to salinity
problems as they are related to and influenced by water re-
sources development. Also, the Bureau has just recently em-
barked on reconnaissance studies to identify possibilities
for controlling salinity and to identify specific studies
that should be taken to assess control measures at a few
select salinity sources. We hope to expand activities of
this type in the years ahead, and in this context I can re-
port that we are moving ahead with programs that we expect
will lay the foundation for setting workable salinity stand-
ards.

"Although the salinity problems of the Colorado River
are difficult, I am confident that they can and will be
resolved. "




PART II. DESCRIPTION OF BASIN

A. Geology

The upper or northern portion of the Colorado River Basin in Wyoming
and Colorado is a mountainous plateau 5,000 to 8,000 feet 1in elevation
marked by broad, rolling valleys, deep canyons, and intersecting mountain
ranges. Hundreds of peaks in these mountain chains rise to more than
13,000 feet above sea level and many exceed 14,000 feet in elevation.
Mountain lakes exist in considerable numbers. The southern portion of
the Upper Basin is studded with rugged mountain peaks interspersed with
broad, alluvial valleys and rolling plateaus. The main stream and its
tributaries in Colorado generally flow in deep mountain canyons. The
Green River, primary tributary of the Colorado River, flows in similar
canyons in Wyoming, Colorado, and Utah after rising in the Wind River
Mountains. The San Juan River, a large tributary, emerges from the moun-
tains of southwestern Colorado, flows through northwestern New Mexico,
and then traverses the deep canyons of the San Juan in Utah before join-
ing the Colorado River in Glen Canyon. The Glen Canyon section of the
main stream and tributaries lies almost entirely in deep canyons.

Rocks of all ages from those of the Archean age (the oldest known
geological period) to the recent alluvial deposits, including igneous,
sedimentary, and metamorphic types, are found in the Colorado River Ba-
sin. The high Rocky Mountains which dominate the topography of the
upper regions are composed of granites, schists, gneisses, lava, and
sharply folded sedimentary rocks of limestone, sandstone, and shale.
Many periods of deposition, erosion, and upheaval have played a part in
the present structure of these mountains.

In contrast to the folded rocks of the mountains which fringe the
basin, the plateau country of southwestern Wyoming, eastern Utah, and
northern Arizona is composed principally of horizontal strata of sedi-
mentary rocks. Slow but constant elevation of the land area has allowed
the Colorado River and its tributaries to cut narrow, deep canyons into
the flat-topped mesas. This type of erosion reaches its culmination in
the Grand Canyon where the Colorado River has cut through all of the sed-
imentayy rocks down to the oldest Archean granites.

The Lower Basin is characterized by broad, flat valleys separated

by low ranges. These valleys are filled by large accumulations of allu-~
vial deposits. '

Sediment removed by constant erosion of the upper areas was depos-

ited in Arizona, California, and Mexico and now forms the great delta of
the Colorado River.
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New reservoirs recently constructed above Lee Ferry (Lake Powell,
Flaming Gorge, Fontenelle, Navajo, Morrow Point, and Blue Mesa), to-
gether with Lake Mead dowastream, have caused some major changes in
stream regimen: (1) The stream channels inundated by these reservoirs
will no longer be subjected to natural stream erosion, (2) the accumu-
lation of sediment and water within the reservoirs slows the growth and
flooding of the Colorado River delta, (3) flooding has diminished in
many areas, and (4) sections of sediment-laden streams have given way to

_clear water streams and lakes.

The mineral concentration in runoff increases from the headwater
areas downstream and occurs in relation to the geologic character of the
terrain across which the Colorado River and its tributaries flow. The
geologic formations that largely contribute to the mineral concentra-
tions in natural runoff are evaporites of Paleozoic age, shale of Cre-
taceous age, and salt and gypsum of Tertiary age.

B. Soils

The soils of the Colorado River Basin closely resemble the geologic
formations of their origin. Only in limited areas at the higher eleva-
tions has the precipitation leached the soil mass of its soluble con-
stituents. Over most of the area both residual and transported soils
are basic 1in reaction and well supplied with carbonates with normal or
mature soils exhibiting a distinct horizon of carbonate accumilation.
The impress of soil-forming factors has resulted in the widespread de-
velopment of soils classified as members of the Gray-Desert Great Soil
Group. In areas with higher rainfall, soils of the Brown and Chestnut
Great Soil Groups have developed. Saline and alkali (sodic) soils occur
in many parts of the basin.

The residual soils comprise the larger area and are usually shallow
in depth over shale and sandstone of various ages. Many of the shales
are saline but contain much gypsum as well as other chloride and sul-
phate salts. Some formations are high in sodium chloride and some have
sodium carbonate or bicarbonate strata. Very few residual soil areas
are suitable for irrigation development.

The alluvial materials are extremely variable and range from allu-
vial fans and terraces, outwash plains, to lacustrine sediments. Some
areas have soils from material transported only short distances and re-
semble the original materials. Other areas have scils which have been
transported and mixed extremely well. Most of the agricultural areas
are on these well-mixed alluviums and, therefore, the solls are quite
variable.

Fxtensive areas of Folian deposits occur in parts of the basin, prin-
cipally in southwestern Colorado. The uniformly textured soils are

\O
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reddish brown in color and have no resemblance to either the underlying
formations or adjacent areas. These are excellent agricultural soils,
but in many areas topography makes agriculture difficult.

C. Climate

The Colorado River Basin has climatic extremes, ranging between
year-round snow cover and heavy precipitation on the high peaks of the
Rocky Mountains to desert conditions with very little rain in the south-
ern part of the basin. This wide range of climate is caused by differ-
ences in altitude, latitude, and by the configuration of the high moun-
tain ranges. The encircling mountain ranges obstruct and deflect the
air masses to such an extent that storm patterns are more erratic than
in most other parts of the United States. Most of the moisture for pre-
cipitation on the Upper Basin is derived from the Pacific Ocean and the
CGulf of Mexico. The Pacific source predominates generally from October
through April and the Gulf source during the late spring and early

summer.

In the northern part of the basin most precipitation falls in the
form of winter snows and spring rains. Summer storms are infrequent
but are sometimes of cloudburst intensity in localized areas. In the
more arid southern portion the principal rainy season 1s in the winter
months with occasional localized cloudbursts in the summer and fall.

Extremes of temperature in the basin range from 50° F. below zero to
130° F. above zero. The northern portion of the basin is characterized
by short, warm summers and long, cold winters, and many mountain areas
are blanketed by deep snow all winter. The southern portion of the basin
has long, hot summere, practically continuous sunshine, and almost com-
plete absence of freezing temperatures.

Nevertheless, the entire basin is arid except in the extremely high
altitudes of the headwaters areas. Rainfall averages as low as 2.5
inches in the southern end of the basin while total precipitation in the
high mountains may range from 4O to 60 inches annually.

D. Vegetation

Areas of higher elevation are covered with forests of pine, fir,
spruce, and silver-stemmed aspens, broken by small glades and mountain
meadows. Pinon and juniper trees, interspersed with scrub oak, mountain
mahogany, rabbit brush, bunch grasses, and similar plants grow in the
intermediate elevations of the mesa and plateau regions. Large areas in
the Upper Basin are dominated by big sagebrush and related vegetation.
Many of the streams are bordered by cottonwoods, willows, and salt cedar.

10




DESCRIPI'ION OF BASIN

Scattered cottonwoods and chokecherries grow in the canyons with the
cliff rose, the redbud,and blue columbine. A profusion of wildflowers
carpets many mountain parks. At lower elevations large areas are almost
completely devoid of plant life while other sections are sprinkled with
desert shrubs, Joshua trees, other Yucca plants, and saguaro cacti, some
of the latter giant plants reaching 40 feet in height.  Occasionally,
cottonwoods or desert willows are found along desert streams with mes-
quite and creosote bush or catclaw and paloverde. In recent years many
river channels have been overrun with tamarisk or salt cedar to the ex-
tent that a large volume of water is being consumed by such vegetation.
Measures are being taken to curb the growth of phreatophytes to conserve
water.

E. szrologz

The Colorado River begins where peaks rise more than 14,000 feet
high in the northwest portion of Colorado's Rocky Mountain National Park,
70 miles northwest of Denver. It meanders southwest for 640 miles through
the Upper Basin to Lee Ferry. The Green River, its major tributary, rises
in western Wyoming and discharges into the Colorado River in southeastern
Utah--730 river miles south of its origin and 220 miles above Lee Ferry.
The Green River drains TO percent more area than the Colorado River above
their junction but produces only about three-fourths as much water. The
Cunnison and the San Juan are the other principal tributaries of the Upper
Colorado River.

The flows of the San Juan River are now controlled by the Navajo Dam,
the Green River by Fontenelle and Flaming Gorge Dams, and the Gunnison
River by the Curecanti Unit Dams. Glen Canyon Dam is the only major dam
on the main stem of the Colorado above Lee Ferry, but it will permit con-
trol of almost all flows leaving the the Upper Basin.

The flow at various points in streams in the Colorado River Basin
for the 1941-66 period is given in Tables 1 through 18. The records of
flow depict the characteristic wide fluctuations from month to month and
the considerable variation from year to year. The recently constructed
Storage reservoirs will now level out some of these fluctuations.

The natural drainage area of the lower Colorado River below Lee Ferry
a§d above Imperial Dam is about 75,100 square miles. This section of the
Tlver is now largely controlled by a series of storage and diversion dams
Starting with Hoover Dam and ending at Imperial Dam.

o At the present time there is no significant storage on the main river

. o1 the tributaries between Glen Canyon Dam and Lake Mead. The interven-

égi tributary inflow is erratic but amounts to almost enough to offset the
Poration from Lake Mead.

11
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Lake Mead provides most of the storage and regulation in the Lower
Colorado River Basin with the water being stored for irrigation and
municipal and industrial uses, generation of electrical power, and other

beneficial uses.

Lake Mohave, the reservoir formed by Davis Dam, backs water at high
stages about 67 miles upstream to the tailrace of Hoover Powerplant.
Storage in Lake Mohave is used for some reregulation of releases from
Hoover Dam, for meeting treaty requirements with Mexico, and for devel-
oping power head for the production of electrical energy at Davis Power-

plant.

The river flows through a natural chamnnel for about 10 miles below
Davis Dam at which point the river enters the broad Mohave Valley 33
miles above the upper end of Lake Havasu.

Lake Havasu backs up behind Parker Dam for about 45 miles and cov-
ers about 25,000 acres. A forebay was constructed in Lake Havasu from
which the Metropolitan Water District of Southern California pumps water
into the Colorado River Aqueduct. Lake Havasu also controls floods orig-

inating below Davis Dam.

Headgate Rock Dam, Palo Verde Diversion Dam, and Imperial Dam all
serve as diversion structures with practically no storage. Imperial Dam,
located some 150 miles downstream from Parker Dam, is the major diver-
sion structure to irrigation projects in the Imperial Valley and Yuma
areas. Tt diverts water on the right bank to the All American Canal
which delivers water to the Yuma project in Arizona and California and
Imperial and Coachella Valleys in California. It diverts on the left
bank to the Gila Gravity Main Canal.

The newly constructed Senator Wash Dam also affords regulation in
the vicinity of Imperial Dam and assists in the delivery of water to
Mexico. ‘




PART III. HISTORY OF DEVELOPMENT

A. Acres Irrigated Prior to Colorado River
Storage Project Authorization

eage in the Upper Basin shows that about

800,000 acres were irrigated by 1905. Irrigation development took place
gradually from the beginning of settlement about 1860, but was hastened
by the purchase of land from the Indians in 1873. Between 1905 and 1920
the development of irrigated land continued at a rapid pace, and by 1920
nearly 1,400,000 acres were irrigated. Then the development leveled off
and there has been very little increase since that time. The 1929 and
1939 agriculture censuses show a little over 1,400,000 acres irrigated
with the 1949 and 1959 censuses recording s little under that amount.

A study of the irrigated acr

The lack of further increase in irrigated acreage in the Upper Basin
is ascribed to both physical and economic limitations in the availability
of water. By 1920 most of the lower cost and more easily constructed de-
velopments were in operation, and, although some new developments have
taken place since that time, they have been offset by other acreages go-

ing out of production.

A large acreage is irrigated in the Lower Basin below Imperial Dam
and in the Gila River watershed. Studies of irrigated acreages within
the Lower Basin show about 12,000 acres irrigated in Nevada and 23,500
acres in Utah, including 10,000 acres presently irrigated in the Dixie

Project area.

Irrigation began in the Palo Verde area in 1879 and was expanded be-
tween 1905 and 1908 by construction of an intake structure and gravity
canal. A new diversion structure was completed in 1957 allowing the ir-
rigated acreage to be increased. The irrigated area in 1966 reported by

the Palo Verde Irrigation District was 86,863 acres.

Irrigation on the Colorado River Indian Reservation was first at-
tempted in 1870, but fallure of the headgate structure resulted in flood-
ing sections of the valley. Other difficulties were encountered, and by
1936 only 5,000 acres were actually irrigated. With completion ot a new
diversion structure in 1942 the acreage has steadily increased.
gated area in 1966 reported by the Bureau of Indian Affairs was 36,919

acres.

B. Degletions

During the period of record examined in detail in this report (19h1-
66): the average yearly consumptive use of water within the Upper Basin
is estimated to be about 1,670,000 acre-feet. This is low compared with

13
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HISTORY OF DEVELOPMENT

the irrigated acreage, but some lands do not receive a full supply. The
consumptive use is estimated by the application of appropriate consumptive
use rates to the irrigated acreage.

As water exported from the Upper Basin during the same period aver-
aged about 345,000 acre-feet, the estimated average Upper Basin consump-
tive use was about 2 million acre-feet per year. Since completion of the
Colorado-Big Thompson Project with initial diversions made in year 1947,
the Duchesne Tunnel completed in 1953, and the Roberts Tunnel completed
in 1963, the transmountain diversions have increased to around 500,000
acre-feet. Yearly increases or decreases in reservoir content affect an-
nual depletions from the Colorado River, but these changes have little

effect on average depletions.

C. Water Compact and Treaties

1. Colorado River Compact

Water of the Colorado River was divided between the Upper and Lower
Colorado River Basins by the Colorado River Compact which was signed in
1922 by a commissioner of each of the seven States of the river basin and
by a representative of the United States. All States but Arizona ratified
the compact prior to its effective date in 1929. The dividing point on
the river between the Upper and Lower Basins is at Lee Ferry which is de-
fined as a point one mile below the mouth of the Paria River. The compact
apportions to each of the Upper and Lower Basins in perpetuity for exclu-
sive beneficial use a total of 7,500,000 acre-feet annually. In addition
to the apportionment of 7,500,000 acre-feet, the Lower Basin is given the
right to increase its beneficial consumptive use of water from the Colo-
rado River system by 1,000,000 acre-feet annually. The compact further
provides that the States of the upper division will not cause the flow of
the river at Lee Ferry to be depleted below an aggregate of 75,000,000
acre-feet for any period of 10 consecutive years.

One provision in the compact permits exportation of the water out of
the basin as long as it is used beneficially in the seven Basin States
and another provision recognizes the obligations of the United States to
the Indian tribes. The compact prescribes the manner in which the waters
of the Colorado River system may be made available to Mexico under any
vater rights recognized by the United States.

the The COmpgct, in effect, cleared the way for legislation authorizing
alsOconstructlon of major projects such as Boulder Canyon Project, and it
' cleared the way for compacts or agreements within the Upper and Lower
sins to further divide the water among the States.

1h
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2. Mexican Treaty

The treaty with Mexico, signed in 194k, provides basically for a
guaranteed annual delivery by the United States to Mexico of 1,500,000
acre-feet of Colorado River water.

3. Upper Colorado River Basin Compact

With the water allocated to the Upper Basin by the Colorado River
Compact and with the Mexican Treaty signed, the Upper Basin States began
negotiations which resulted in the signing of the Upper Colorado River
Basin Compact in 19L8. Under the terms of the compact, Arizona is per-
mitted to use 50,000 acre-feet of water annually from the upper Colorado
River system, and the remaining water is apportioned to the other Upper
Basin States in the following percentages.

State of Colorado « « « « « o o o o 51.75 percent
State of New Mexico . « « « « « « « & 11.25 percent
State Of Ut@h « « « o« « « « o« « + « » 23.00 percent
State of Wyoming . . « « « + « « o 14.00 percent

Congress had previously been unwilling to approve projects without
assurance that a water supply would be available, so this division of
water among the States permitted development in the Upper Basin to pro-
ceed and resulted primarily in the authorization of most of the Federal
projects above Lee Ferry that are mentioned in this report.

Neither of the compacts specifically mention water quality, but it
has been recognized as a factor to be considered in developing projects,
and water quality studies have been required by recent legislation au-
thorizing the construction of projects in the Upper Basin.

Y., Arizona v. California Suit in the Supreme Court

The States of the Lower Basin have never agreed to & compact for the
division of use of the waters of the Lower Colorado River Basin. The
State of Arizona filed suit in the Supreme Court of the United States in
October 1952 against the State of California and others for the determi-
nation of the rights to use the waters of the lower Colorado River sys-
tem. The Supreme Court gave its decision on June 3, 1963, and issued a
decree on March 9, 1964, providing for the apportionment of the use of
the waters of the main stream of the Colorado River below Lee Ferry among
the States of Arizona, California, and Nevada. The States of Arizona and
New Mexico were granted the exclusive use of the waters of the Gila River
Sy§tem in the United States. The decree did not affect the rights or
?rlOrities to the use of water in any of the other Lower Basin tributar-

€s of the Colorado River. :
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The decree permits the States of the Lower Basin to proceed with
developments to use their apportionments of Colorado River water. Major
new developments would be the Southern Nevada Water Project in Nevada,
the Dixie Project in Utah, and the Central Arizona Project in Arizona.
Development of the Indian lands is expected to use all of the water allo-
cated to them by the decree. These lands include the Colorado River
Indian Reservation, Arizona-California; the Fort Mohave Indian Reserve-
tion, Arizona-California-Nevada; and the Chemehuevi Indian Reservation,
California.

D. Economic Conditions

The prosperity of agriculture in the upper Colorado River drainage
besin generally parallels the prosperity of the livestock industry. With
vast areas of fine rangeland available for summer grazing, livestock pro-
duction is limited by the production of hay for winter feed.

Intensified development of mineral resources in recent years has
created new employment opportunities, including off-the-farm work for
meny farmers. The most extensive and commercially important mineral re-
sources of the basin are coal, oil, and natural gas. The Upper Basin is
also the leading domestic source of vanadium, uranium, radium ore, and
molybdenum. Copper, zinc, lead, silver, and gold are also commercially
important. The increase in population resulting from new job opportuni-
ties has created new markets for locally produced and imported products,
has taxed municipal facilities and water supplies in several areas, and
has increased demands for electricity. Raw materials are stimulating
industrial activities in areas adjoining the upper drainage basin, par-
ticularly areas near Denver, Pueblo, Provo, and Salt Lake City. These
adjoining areas all import water from the Colorado River Basin and with-
out the imported water their economic growth would be limited.

Tourism as an industry has increased significantly in recent years
because of the many natural attractions. Manufacturing as a basic in-
dustry is of relatively minor importance in the Upper Basin.

] Irrigated areas in the Lower Colorado River Basin using Colorado
Rl\_’er main stream water are highly productive and the agricultural oper-
ations very intensified. Gross crop values per acre probably are greater
than any other area of comparable size in the world. For the 1966 crop
g?ar, approximately 770,200 acres of irrigated land in the Lower Colorado

iver Basin were provided a full water supply from the Colorado River and
izoduced a total gross crop income of about $308,443,000. This gives an

€rage gross crop income of $400 per acre.

The Pacific Southwest is one of the most rapidly developing areas in

t . - .
gi Nation, both industrially and populationwise. Colorado River water
muinicipal and industrial purposes 1s supplied to approximately 130
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incorporated towns and other communities in this area. This water sup-
ply ranges from a minor supplemental supply for some entities to a com-
plete supply for others.

During 1966 approximately 1,200,000 acre-feet of Colorado River
water was supplied to incorporated areas and other commnities primar-
ily for municipal and industrial purposes. This water supply served a
population of about 10,000,000 people.

L7



PART IV. FUTURE DEVELOPMENT

A. Irrigation

About 358,000 acres of new land to be irrigated within the Upper Colo-
rado River Basin under the recently authorized and proposed projects con-
sidered in this report represent an increase of about 25 percent over the
previously irrigated area. Approximately 47 percent of this increase is
included in two projects--the Seedskadee Project in Wyoming and the Navajo
Indian Irrigation Project in New Mexico. The remainder consists primarily
of lands on new projects in Colorado and Utah.

Passage of the Colorado River Basin Project Act authorizes a number

of projects in the Upper Colorado River Basin and the Central Arizona Proj-

ect and reauthorizes the Dixie Project in the Lower Colorado River Basin.
Water from the Colorado River for the Central Arizona Project would be de-
livered through the Granite Reef Aqueduct and Pumping Plants. The Dixie
Project, Utah, in the Virgin River Basin would provide a full water sup-
ply to 6,900 acres of new land and a supplemental water supply to about
10,000 acres of existing irrigated lands.

The Bureau of Indian Affairs reports that 107,599 acres of land on
the Colorado River Indian Reservation are planned for irrigation. This
includes the present (1966) development of about 36,900 acres. A major
portion of the 18,974 acres of land on the Ft. Mohave Indian Reservation
is under development contract. Nineteen hundred acres of land on the
Chemehuevi Indian Reservation are planned to be fully developed by 1990.

B. Depletions on New Projects

The anticipated new depletions of water from Federal projects re-
cently authorized and other miscellaneous projects are indicated in Table
No. 20. The 632,000-acre-foot depletion resulting from reservoir losses
will occur gradually as the reservoirs fill, with the full depletion de-
pendent primarily upon the time required for filling Lake Powell. As of
1966 the annual evaporation losses are estimated to be 314,000 acre-feet.
The remaining 1,930,000 acre-feet of depletions tabulated for the Upper
Basin will be due to uses other than reservoir evaporation. The new de-
pletions include about 700,000 acre-feet of transmountain diversions.

The Dixie Project will deplete the Virgin River Basin by 48,000
acre-feet. This depletion includes the future annual stream depletions
of 5,800 acre-feet resulting from transbasin exports to Cedar City, evap-
Oration from Kolob Reservoir, and depletions to the Santa Clara River
due to well development on the Santa Clara River.

Diversions from Lake Mead for the recently authorized Southern Ne-
Vad§ Water Project will deplete the Colorado River Basin by an estimated
additional 253,000 acre-feet annually.
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Diversions from’Lake Havasu above Parker Dam for the Bureau of Indian
Affairs on the Fort Mohave and Chemehuevi Indian Reservations would de-

- plete the Colorado River by 83,000 acre-feet.

The Central Arizona Project would deplete the Colorado River by an

sdditional 725,000 acre-feet under temporary use conditions. Following
development of increment No. 5 described herein, new depletions by the

Central Arizona Project would be about 49,000 acre-feet.

Diversions from below Parker Dam by the Colorado River Indian Reser-
vation would deplete the Colorado River by an additional 229,000 acre-feet.

Additional salvage of water by the authorized channelization of the
Lower Colorado River upstream from Imperial Dam and a proposed phreato-
phyte eradication and control program would increase the water supply of
the Colorado River Basin by an estimated additional 201,000 acre-feet

annually.

C. Economic Impact

The benefits created by the Colorado River Storage Project are be-
coming a reality as the constructed facilities of the units and projects
are completed. All four storage units and six participating projects,
plus the Vernal Unit of the Central Utah Project, are practically com-
pleted and operating.

. In 1967 approximately 81,000 acres of land were irrigated wholly or
<L part with water provided by six participating projects and the Vernal
Unit. COrops produced on these projects were valued at an estimated $4.6
miilion. Most important, farming operations were carried on without sig-
nificant water shortages.

X Electric power is now heing delivered under firm powcr contracts
Trom Flaming Gorge, Glen Canyon, and Curecanti Units. The contracts
generally for a 20-year duration) are with about 80 customers and pres-
ently provide for service in an ultimate amount to about 989 megawatts.
Power under contract for the summer of 1968 totals 695 megawatts. The
total power-producing capability of the CRSP less reserves is estimated
a? about 820 megawatts at the present time and 1,345 in 1977 upon comple-
t%OH of all presently scheduled units. Total revenues from power opera-
tions were about $0.5 million in fiscal year 1964, $6.8 million in fiscal
year 1965, $12.4 million in fiscal year 1966, and $15.9 million in fiscal
year 1967.

fps Stable water supplies created by the reservoirs of the CRSP have con-
tr}bUted to the establishment of new industries and the planning of indus-
lal capacities to meet future needs.
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The Bureau of Reclamation is presently negotiating contracts to sup-
ply private industries with water essential for nearly 10 million kilo-
watts of installed thermal generating capacity planned for construction
near Lake Powell and the Navajo Reservoir. Among the direct benefits
from a development of this magnitude would be about $1 billion in at-site
plant investment, around $20 million annual payroll, and substantial pay-
ments for coal. Contracts to supply approximately 25,000 acre-feet of

CRSP water for other industrial uses are also under negotiation. Approxi-

mately 1,600 acre-feet of municipal water is being supplied to the city
of Vernal, Utah, from the Vernal Unit of the Central Utah Project. '

In 1967 there were about 588,000 man-days of visits made to Lake
Powell, 1,553,000 to Flaming Gorge Reservoir, 419,000 to Navajo Reser-
voir, and 183,000 to Blue Mesa Reservoir. The Flaming Gorge Reservoir
and Lake Powell have already attained national reputation as recreation
meccas. No dollar values can be assigned to the value of recreation,
but several million dollars annually are being added to the gross na-
tional product by recreation attractions afforded by the new reservoirs
of the CRSP units and projects.

Water from the Dixie Project will improve and stabilize economic con-

ditions in southwestern Utah.

Water diverted from Lake Mead for the Southern Nevada Water Project
will improve and stabilize economic conditions in southern Nevada by pro-
viding supplemental municipal and industrial water to the rapidly expand-
ing urban area in Clark County in southern Nevada. In addition, water
Wwill be provided for the potential development of Eldorado Valley south-
west of Boulder City, Nevada.

Water diverted from the Colorado River below Davis Dam for the Fort
Mchave, Chemehuevi, and Colorado River Indian Reservations will improve
and stabilize the economy of the Indian Reservatiomns.

Water salvaged along the lower Colorado River by the channelization
P?Ogram and the eradication of phreatophytes along the lower Colorado
River would improve and assist in stabilizing economic conditions in the
Lower Colorado River Basin by providing additional water supply for use
throughout the area.

Water diverted from Lake Havasu for the Central Arizona Project will

+ . .
fyablllze the water supply for the Phoenix and Tucson areas and reduce
‘he ground water mining to these areas.

D. Current Proposals

o .The current proposals include an additional 676,000 acre-feet of de-
¢tions of which 240,000 acre-feet would be for municipal and industrial

20
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uses and the balance for irrigation projects. The irrigation projects
Jocated mostly in Colorado would add another 146,000 acres of new land
to the presently irrigated acreage and, although the overall economic
impact has not been assessed, the effect would be similar to the re-
sults obtained from other projects in the Upper Colorado River Basin.

The municipal and industrial uses include 102,000 acre-feet to sup-
ply a coal-burning electric plant on the shores of Lake Powell, some
transbasin diversions, and some inbasin uses.

21
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PART V. BASIC STUDIES

A. ObJjectives

Studies of past and future effects of storage and irrigation proj-
ects on the quality of water downstream depend primarily on records of
streamflow and quality of water collected before the project was con-
structed as well as afterward. Many projects were built before the need
for antecedent data was recognized, and as a result data adequately de-
fining the effects of existing projects are rare.

The primary requisites for a comprehensive quality of water study
of an irrigated area are inflow and outflow measurements of both quan-
tity and quality of water. Each gaging station and quality sampling site
is expensive to install and maintain, SO with limited funds available
care must be exercised in the selection of special study areas. If gag-
ing stations are already in operation, these are used with the addition
of quality sampling. If gaging stations do not exist, funds are advanced
to the Geological Survey through a cooperative program to install and
maintain stations and to collect and analyze the water samples.

A meaningful study should be based on a period of at least 4 to 10
years on the smaller or well-defined basin areas with the length of
period partly dependent on how stable the irrigation practices are. It
must be recognized that each area will have a different effect on water
quality. To reflect the effect of continuing development in larger ba-
sins, studies will need to be continued for a long period.

The studies in the basin thus far have been limited to a comparison
of the total dissolved solids in the inflowing water and the return flow
water. No attempt has been made to determine losses of water or total
dissolved solids by deep percolation, to detect underground aquifers that
might be augmented with return flow, or to evaluate changes in chemical
characteristics (other than dissolved solids) resulting from development.

Studies prior to irrigation would be helpful, but they have not been
made in most areas, so comparisons must be made when new land is added or
lew storage is made available. A study is now underway for the Seedska-
?ee Project area. This will give a comparison between "pbefore" and "after"
irrigation conditions since only the land in an experimental farm is pres-
ently irrigated on the Seedskadee Project.

) Favorable salt balance conditions exist when the amount of dissolved
S0lids carried off the land by irrigation return flows is equal to or
%Zeatﬁr.than the amount carried to the land by irrigation water. The
rerm pickup of dissolved solids from irrigated lands” as used in this
Sa?zrt applies to dissolved solids picked up in addition to favorable

balance conditions. '
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gtudies conducted thus far indicate that there is much variation in
the amount of pickup from irrigated land. For comparison the analyses in
this report are based on values of zero and 2 tons per acre pickup from
new irrigated land. The results of both analyses are shown in Table
No. 19. It is assumed that no additional pickup will result from the
addition of supplemental water to presently irrigated lands.

B. Key Stations

The study period for the 1963 report was from 1941 through 1958,
inclusive; the period for the 1965 report was extended an additional 3 oo
years through 1961, the 1967 report includes data through 1964, and the Lo
present report includes an additional 2 years through 1966. Both flow P
and quality records are available for this extended period.

Quality of water and flow records are generally available for the
18 stations selected for this study of the Colorado River Basin. When Lo
records were not available, they were developed by corollary studies
from which data for the periods of missing records were estimated. !{z;

Figure No. 1 indicates the location, and the following descriptions
sumarize records for the period of study. Figure No. 12 shows the avail-
able flow and quality records of the key stations for the period 1941-66.
Basic records used in this report were selected from those obtained by
the Geological Survey under a continuing program for collection of water
records. Part of the data collection program is supported by funds
transferred by the Bureau of Reclamation to the Geological Survey.

To simplify tabulation, monthly values of flow and total dissolved
solids as shown in Tables 1 to 18 have been rounded to the nearest 1,000
except for concentration values. This rounding resulted in some differ-
ences between the recorded and the computed monthly concentrations when
the flows were often below 1,000 acre-feet and the loads below 1,000
tons. For example, in the San Rafael and Duchesne drainages and on the
Green River near Greendale during the filling of Flaming Gorge Reservoir,
some of the flows are less than 1,000 acre-feet per month; hence, some
monthly values of concentration shown in the tables differ from those
aEltually recorded because of the method of rounding. Similarly, minor
differences from published data in monthly concentrations occur in iso-
lated instances in the flow and quality tables for the other stations.

th A brief resume of the source and method of derivation for each of
‘e records of the stations shown on Figure No. 1 and in Tables 1 to 18,
inclusive, follows:

1. Stations with Complete Records

i
s,
1
b

th Records of flow and water quality are available for nearly all of
€ 1941-66 period for the Green River at Green River, Utah (Table No. 5);

e M A 4
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Colorado River near Glenwood Springs, Colorado (Table 7); Colorado River
near Cameo, Colorado (Table No. 8); Gumnison River near Grand Junctionm,
Colorado (Table No. 9); Colorado River near Cisco, Utah (Table No. 10);
and San Juan River near Bluff, Utah (Table No. 12). Minor extensions
only were needed to £i11 in short periods of records for a few of these

stations.

5. (Green River near Green River, Wyoming

Flow records are available at this station (Table No. 1) from April
1951 and quality records from March 1951. The records have been extended
back to 1941 by correlation with nearby stations.

<
3. Green River near Greendale, Utah, and near Ouray, Utah

Flow measurements or comparable data are available for the Green
River near Greendale (Table No. 2), but chemical quality data are avail-
able only for the years 1957 through 1966, inclusive. Flow measurements
near Ouray, Utah (Table No. L), are available for the 1948-September 1966
period, but quality records are limited to the years 1951, 1952, and 1957
through September 1966. Extensive correlations with other available rec-
ords on the Green River system were employed to develop the estimates
shown herein for both streamflow and dissolved solids.

4. Duchesne River near Randlett, Utah

Flow records have been obtained continuously since 1943 and quality
data are available for 1951 and 1957 through 1966 (Table No. 3). Corre-
lations with other stations in the Duchesne River system were employed
to estimate the data for the missing periods.

5. San Juan River near Archuleta, New Mexico

Flow and quality load data presented are a combination of measure-
ments obtained near Archuleta and at Blanco, New Mexico, with some ad-
justments and correlations for the period 1945-66 (Table No. 11). Cor-
relations were employed to estimate the data for 1941-L5.

6. San Rafael River near Green River, Utah

Correlations were used to estimate flow at this gage from 1941 to
1945 after which measurements of flow were taken (Table No. 6). Quality
sampling was begun in 1946 and is complete for the remainder of the study
Period except for 1950. Extensions of available data provided satisfac-
tory estimates of the guality load for the missing years.

T. Colorado River at Lees Ferry, Arizona

o This station has complete flow records available for the study pe-
iod but lacks quality of water measurements for 1941, 1942, 1946, and

2L




BASIC STUDIES

1947 (Tsble No. 13). Load data for these years were estimated by exten-
sive multiple correlations using data for the Colorado River near Cisco,
Utah, and near Grand Canyon, Arizona; the Green River at Green River,
Utah; and the San Juan River near Bluff, Utah.

i

'
Ii

8. Colorado River near Grand Canyon, Arizona

Discharge measurements are available for the period of study and
chemical quality records are available except for the period December
1942 to August 1943 (Table No. 14). Loads for the period of missing rec-
ords were estimated from records at upstream stations.

9. Virgin River at Littlefield, Arizona

Discharge measurements were obtained for the study period but gquality
data are aveilable only from July 1949 to December 1966. Detailed corre-
lations were employed to estimate the data for the missing period (Table
No. 15).

10. Colorado River below Hoover Dam, Arizona-Nevada

Discharge and quality records are available for the 1941-66 period
(Table No. 16), except for the period November 194k to September 1950
when these quality data are based on specific conductance analyses only
for intermittent intervals.

11. Colorado River below Parker Dam, Arizona-California

Discharge measurements for the study period are included in records
of the Geological Survey. Quality data have been obtained since July
1941 by the Metropolitan Water District of Southern California at the
Lake Havasu Intake Pumping Plant and are published in its Report No. 815
dated November 1963 for the July 1941 through September 1963 period. The

months of missing record were obtained by correlation. Monthly records
of the chemical analyses of constituents for July 1941 through December
1966 were obtained from the Metropolitan Water District of Southern
California (Table No. 17).

12. Colorado River at Imperial Dam, Arizona-California

Oet Discharge figures are available for the study period. Those from
M‘g?er 1942 through September 1960 are based on the combined records
}Scharge obtained at gaging stations on Colorado River at Yuma, All-
erican Canal near Imperial Dam, Gila Gravity Main Canal at Imperial
> Yuma Main Canal at Laguna Dam, and North Gila Valley Canal at Laguna
1 less that of Gila River near Dome, Arizona. Records after September
m §re based on the combined daily discharge of Colorado River passing
Perial Dam and at gaging stations on All-American Canal near TImperial
and Gila Gravity Main Canal at Imperial Dam.
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Quality data for the period January 1941 to 1943 were obtained from
the U.S. Department of Agriculture salinity laboratory at Riverside, Cali-
fornia, and the remainder, 1943 to 1966, were obtained from U.S. Geolog-
ical Survey Water Supply Papers and provisional records and are based on
data for the Yuma Main Canal below the Colorado River siphon (Table No. 18).

C. Analyses

Published quality of water records consist of a combination of stream
discharges with chemical analyses of stream water samples collected at more
or less regular intervals. The reliability of the records depends on the
accuracy of the streamflow records, the frequency of collection and repre-
sentativeness of the samples, the stability of the samples during the stor-
age periods prior to the making of the analyses, the completeness and ac-
curacy of the individual analyses, and the manner in which the individual
samples are combined before analysis to represent increments of stream
discharge.

Most of the water analyses forming the basic data for the chemical
records in this report were made in the laboratories of the Geological
Survey at Washington, D.C., Albuquerque, New Mexico, and Salt Lake City,
Utah, using standard procedures, by chemists specifically trained in water
analysis. During the 26-year period considered there were numerous changes
in laboratory techniques and procedures, mostly due to introduction of new
instrumental methods. New procedures were adopted only after careful in-
vestigation to insure results consistent with those obtained previously.
Some of the quality of water records are based on analysis of samples by
Bureau of Reclametion laboratories. Bureau of Reclamation results and
methods have been checked by the Geological Survey to insure comparable
records. Analyses by the Metropolitan Water District have been made by
standardized procedures and appear to be comparable with analyses by the
Geological Survey. It is probable that errors in the load computations
due to errors in the analyses are less than those due to changes in the
samples upon storage, inaccuracies in sampling, or inaccuracies in the
determination of stream discharges.

D. Studies of Certain Areas

Special quality of water studies have been made in a number of irri-
gated areas to determine storage and irrigation effects on water quality.
Sufficient quality data have been collected by the Bureau of Reclamation
in two of these areas to indicate trends.

L. Eden Project
th Quality of water data were collected in the Eden Project area before
& Colorado River Storage Project Act was passed in 1956. Data are
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FEden Project, Wyoming

L 27

i Ac.-ft. flow Differ- Irrigated Tons/
Year or tons T.D.S. Inflow Outflow ence acres acre
1955 A.F. 51,200 17,500 33,700
Tons 8,200 53,900 45,600 8,700 5.2

1956 A.F. 50,300 3,600 46,700
Tons 7,000 49,500 42,500 8,600 5.0

1957 A.F. 46,100 . 13,400 32,700
Tons 6,400 75,500 69,100 10,500 6.6

1958 A.F. 65,000 23,500 41,500
Tons 9,500 81,300 71,800 12,900 5.6

1959 A.F. 40,600 11,700 28,900
Tons 6,700 57,300 50,600 13,000 3.9

1960 A.F. 28,600 4,900 23,700
Tons 5,200 35,900 30,700 12,700 2.4

1961 " ALF. 29,100 3,300 25,800
‘ Tons 4,600 28,400 23,800 12,000 2.0

1962 A.F. 59,900 5,300 54,600
Tons 9,300 37,300 28,000 14,100 2.0

1963 A.F. 53,400 12,200 41,200
Tons 7,600 51,300 43,700 13,500 3.2

196k A.F. 57,800 15,800 42,000
Tons . 8,200 60,800 52,600 13,800 3.8

1965 A.F. 59,900 19,700 36,200
Tons 7,000 70,400 63,400 14,700 4.3

1966 ALF. 60,500 2k ,600 35,900
Tons 9,400 80,200 70,800 14,400 L.9
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available for the 12 years 1955-66 covering the development period. The
amount of dissolved solids (as measured in Big Sandy Creek) picked up

from project lands has varied considerably over the years, being high the
first 4 years, low the next 4 years, slightly higher the next 2 years,

and higher the last 2 years. There has also been a variation in the num-
ber of acres irrigated, in the available water supply, and in the dissolved-
solids increases as new land is brought under irrigation. Leaching of the
more soluble salts from newly irrigated land takes place rapidly. As time
passes the amount of material leached decreases until a balance is achieved
between salt buildup and leaching rates. For example, during the L years
1958 through 1961, irrigated acreage was relatively constant. If, during
the first 2 years, it is assumed that initial leaching was taking place,
then the last 2 years may represent the normal dissolved-solids pickup of
about 2.2 tons per acre for these irrigated lands. This pickup may be
low, however, because during both 1960 and 1961 only a little runoff was
available to flush accumulated salts into Big Sandy Creek. The increase

in the years 1964-66 is believed principally due to leaching of salts
accumulated during the drouth years, addition of some new lands, and in-
crease of return flows due to higher moisture content of the soil.

The results of this study, shown in the accompanying table, involve
some complications. Drainage from some of the irrigated land does not
reach Big Sandy Creek but is consumed by nonbeneficial vegetation. Some
losses in return flow occur between the irrigated area and the measuring
point on Big Sandy Creek. On the other hand, salt pickup from nonirri-
gated lands between the irrigated area and the measuring point on Big
Sandy Creek are reflected in the records. The measured pickup of salts
from the irrigated land would undoubtedly be greater if the total amount
of return flow were included, but this is offset somewhat by the pickup
from the above mentioned nonirrigated areas.

The Eden Project has had poor drainage which has resulted in salt
accumulation. The construction of drains relieved this situation and
caused the accumulated soluble salts to leach into the streams. The val-

iei'by years for the 12-year period are tabulated in the accompanying
able,

. Collection of data should be continued for a few years during which
iCreages irrigated are relatively constant to further determine the trend
0 salt pickup and whether possible errors in quality or flow measurements
ave unduly influenced the conclusions.

2. Florida Project

Construction of the Florida Project was completed in 1965. The Lemon
rvoir on Florida River regulates the flow of the river for irrigation
9,450 acres of land including 5,730 acres not previously irrigated and
»120 acres in need of supplemental water.

ReSe
of 1
13
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In order to obtain quality information under preproject conditions,
flow and quality data were collected at several points in the Florida
Project area beginning in 1958. A study has been made of these data for
the period 1958-63 to show the effect irrigation of these lands has on
the quality of return flows leaving the project under the condition of
no storage.

An attempt was made in this study to measure the effect of irriga-
tion in the Florida area on the quality of water in the Animas River be-
jow its confluence with the Florida River. It was found that the differ-
ence in concentration, however, is scarcely discernible and is within the
1imits of error of measurement of both flow and quality.

Florida Project, Colorado

. Pickup Loss
Ac.-ft. Differ- (tons/ (tons/

Year or tons Inflow Outflow ence acre) acre
1958 A.F. 99,300 90, 360 9,L4L0

Tons 14,315 15,470 +1,155 0.08
1959 A.F. 28,260 14,300 13,960

Tons 4,900 4,365 525 0.0k4
1960 A.F. 73,130 60, 600 12,530

Tons 10,600 11,730 +1,130 0.08
1961 A.F. 58,490 41,430 17,060

Tons 9,100 8,970 130 0.01
1962 A.F. 67,070 48,470 18,600

Tons 10,220 10,220 0 0
1963 A.F. 45,800 33,750 12,050

Tons 7,689 7,100 789 0.06

From the sbove tabulation it is apparent that there has been a very
small amount of pickup measured in the river downstream from the project.
The concentration of total dissolved solids in the inflowing water ranges
from 0.14 to 0.17 ton per acre-foot, and that of the outflowing water
ranges from 0.17 to 0.30. About 13,720 acres were irrigated prior to
construction of the project facilities.

. The full irrigable acreage (13,720) was used in computing the pickup
in tons per acre, even though some land was irrigated only once a year;
therefore, the apparent losses of salt and the extremely low pickup may
be due to lack of sufficient water to insure leaching.

. Irrigation has been practiced for many years in the Florida area
;ibout adverse effects because of the extremely good water and the good
Tainage conditions.

The Florida Project soils and the adjoining Pine River Project soils

a . .. LS
Sri‘naturally low in salinity and alkalinity, and the amount of dissolved
Olids removed from *hese projects is about equal to the amount deposited.
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Very little increase in dissolved-solids pickup is expected when the ex-
panded project goes into full operation.

The studies described above afford some support for the assumptions
set forth earlier in the report that a pickup range of from zero to 2 tons
per acre is indicated for irrigated acreages after the initial leaching.
The pickup on the Florida Project is negligible and that on the Eden Proj-
ect will probably stabilize a little above 2 tons per acre.

Considerable variation in the effects of irrigation return flow on
vater quality is to be expected. Differences arise due to the size of
the irrigated areas, the number of times the return flow is reused, prop-
erties of the soils and drainage area, number of years land has been irri-
gated, nature of aquifers, rainfall, dilution, temperature, irrigation
methods, storage reservoirs, vegetation, and type of return flow channels.

Consumptive use and return flow studies are now being undertaken by
the Bureau of Reclamation on existing projects in small, closely con-
trolled areas. With a small additional expense, it has been possible to
obtain quality data and thereby determine the effect of irrigation on wa-
ter quality. The study areas are purposely being held small to achieve
better control, but they will be as representative as possible of exist-
ing projects. The results pertaining to the quantity of return flow will
be very helpful in estimating effects on water quality of return flows
from larger areas where measurement of inflow and outflow is not always
possible or practical.

Special studies in other areas in the basin will be undertaken from
time to time to determine water quality conditions, and studies of proj-
ects such as Florida and Eden will be repeated or continued in order to
evaluate changes with time. The more complex areas will be considered
for investigation at a later date when sufficient funds are available
to carry out meaningful studies. Projects in this category include the
Grand Valley and Uncompahgre Projects in Colorado and possibly some di-
rect diversion projects along the Colorado River below Hoover Dam, such
as Palo Verde Valley and the Colorado River Indian Reservation. An im-
Portant consideration in quality studies is measurement of return flow.
If the return flow can be measured and its quality determined, the water
and salt budgets can be computed because the inflow is nearly always
8aged and its quality easily determined.

ke Two areas now being monitored for irrigation effects are the Seed-
U1dee Development Farm and a block of about 700 acres of land within
€ Grand Valley Project. The Grand Valley area is partially isolated
ui}mtural washes and drained sufficiently to permit sampling and meas-
mfng of return flows. Sampling began during the 1966 irrigation season,
t the results are not significant enough to indicate a trend.
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3. Chemical Quality of the Colorado River below Lees Ferry

The discharge-weighted average concentration of dissolved solids in
the water from the Colorado River at Lees Ferry for the 1941-62 period
is a function of the river discharge. This relation is shown on Figure
2. However, since 1962 this relation has been affected by storage of wa-
ter in Iake Powell. The concentrations of dissolved solids at lees Ferry
were higher than would have been expected without storage during the first
3 years of regulation and were lower then expected during the ensuing 2

years (1966-6T).

By adjusting the discharge at Lees Ferry for storage in Lake Powell
beginning with the 1963 water year, the dissolved-solids concentration
that would have been expected without storage was obtained from the es-
tablished dissolved-solids discharge relation. The following tabulation
shows the measured and adjusted discharges and measured and expected
vweighted average dissolved-solids concentrations for the Colorado River
at lees Ferry for the period 1963-67. (The data for 1967 is preliminary.)

Colorado River at Iees Ferry
Dissolved solids

Expected Actual Discharge
Calendar Tons per Tons per (million acre-feet)
year P.p.m. acre-foot P.p.m. acre-foot Adjusted Actual
1963 825 1.12 935 1.27 i, 9L 1.38
196k 675 .92 - 810 1.10 7.68 3.2k
1965 485 .66 575 .78 15.15 11.59
1966 675 .92 515 .70 7.60 T.74
1967 650 .88 620 8L 8.45 7.56
P.p.m. = parts per million (equivalent to milligrams per liter

at these concentrations).

) The data from the above tabulation plotted on Figure 2 show that dur-
ing the filling of the reservoir (1963-65) the measured concentrations of
dissolved solids in the water released from the reservoir were greater
than would have existed without the storage. However, during 2 years of
withdrawing water from storage, 1966-67, the measured concentrations were
less than the expected.

. The concentration in all years subsequent to the start of regulation

1s influenced by the concentration of the water already in storage and

t¥e degree of stratification in the reservoir, as well as runoff condi-
ilmm in the given year. Thus the concentrations at Lees Ferry in 1963,
82&% and 1965 were somewhat higher than would have been expected without
Qeorage_because of initial storage of water of higher than average con-
ofntratlons in 1963, relatively low runoff in 1963 and 196k, and release

water of higher than average concentration as a result of stratification.
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BASIC STUDIES

The rather large reduction in outflow concentration occurring in
1966 resulted from the diluting effect of the unusually high inflow of
dilute water during the spring runoff period of 1965.

The increase in concentration of outflow water in 1967 resulted be-
cause total inflow and the ratio of spring inflow to total flow in both
1966 and 1967 was lower than in 1965.

, The effects of evaporation and chemical precipitation due to Take
Powell cannot yet be clearly evaluated.

Experience is too short at this time to define a concentration-
discharge relation at Lees Ferry subsequent to the closing of Glen Canyon
Dam. In fact, one should not expect a close correlation between concen-
tration and discharge at Lees Ferry. There will always be a lag in the
response of concentration of outflow water at Glen Canyon Dam to inflow
conditions due to storage and stratification in the reservoir. This is
borne out by experience below Hoover Dam.

The salinity of the Colorado River at several points below Lees Ferry
varies from year to year (Figure 3). The salinity of the river at Grand
Canyon for 1963-64 increased considerably owing to the effect of the ex-
tremely low flows at Lees Ferry; the highly concentrated water from Blue
Springs on the Little Colorado River contributed a larger proportion of
the total flow during this low flow period. The salinity data for the
D riod of record, 19h1-66, show increased concentrations downstream to
Imperial Dam. These increases are caused in part by salt inflow from ir-
rigation returns, springs and seeps, solution of salts, and effects of
concentration by evaporation of water in the reservoirs.

E. Effects of Impoundments

1. Flaming Gorge Reservoir

Quality of water in the reservoir.--In October 1966 water quality
samples were collected at the surface, bottom, and seven intermediate
Points from each of six sites in the reservoir (Figure 4). Some addi-
tional data are available from two sites in the reservoir for March 1967
a§d from three sites for September 1967. The approximate dissolved-solids
d}“ﬂibution in the reservoir during these sampling times 1is shown in
F%@HES 5 and 6. There are not enough data available to define the annual
%lmnOlogical cycle of the reservoir. However, these data do give some
?ﬁiCation of the movement of water through the reservolr during differ-

Ot times of the year.

196 The measured load of dissolved solids in the reservoir on October 1,
r6, was about 1,850,000 tons. This figure was computed, using the data
Ol the six sampling verticals and area capacily curves. In order to
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BASIC STUDIES

get an idea of initial leaching and storage, a theoretical load as of
October 1, 1966, was also computed, using available inflow and outflow
data. This theoretical load which represents the amount of dissolved
solids contributed to the reservoir from runoff only was about 1,050,000
tons. The data used to arrive at the above figures are not seasonally
continuous and they cover only a short period of time (1957-66). The
chemical quality of the major inflowing tributaries (Green River at Green
River, Wyoming, Blacks Fork at Little America, Wyoming, and Henrys Fork
at Linwood, Utah) has been measured since 1952, but the outflow at Green-
dale has been observed only since 1957 after construction began. The re-
lationship used to estimate unmeasured inflow is not precise. For these
reasons the figures should be considered as estimates only. The differ-
ence of 800,000 tons between the measured load and theoretical load rep-
resents the estimated amount of dissolved solids added by leaching since
closure of the reservoir.

The chemical composition of the water in the reservoir on October 1,
1966, was found to be very uniform. The dissolved ions showed an increase
in concentration with depth, but the ionic ratios were relatively con-
stant regardless of depth or concentration. The major ions in solution
are calcium and sulfate. Calcium and magnesium ranged from 64 to T2 per-
cent of the dissolved cations and sulfate comprised 53-65 percent of the
dissolved anions.

Quality of inflow waters.--The major inflow to the reservoir is from
Creen River which contributes T0-95 percent of the water, but only 55-65
percent of the inflow load of dissolved solids. Because of their higher
concentration of dissolved solids, Blacks Fork and Henrys Fork contribute
a higher percentage of the dissolved-solids load than they do of water.
Figure 7 shows the range in chemical character of the water in the reser-
voir on October 1, 1966, and the average chemical composition of the out-
flow and the major tributaries during 1966.

The minor tributaries contribute less than 10 percent of the total
inflow to the reservoir and account for less than 15 percent of the total
incoming load. The streams draining into the upper part of the reservoir
above Henrys Fork are mostly intermittent. The total amount of water they
contribute is small, but they are high in dissolved-solids content. Carter
Creek, Cart Creek, and Sheep Creek, which drain into the lower section of
the reservoir from mountainous areas, contribute larger amounts of water
but are more dilute. During a high flow period in June 1967, the discharge
of the minor tributaries was measured and water quality samples collected.
Data from these samples are shown on Table A.
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BASIC STUDIES

Table A
Quality data of minor tributaries to Flaming Gorge Reservoir
Dissolved Predom- Predom-

Discharge solids res- inant inant

Stream (c.f.s.) idue (ppm) cation anion
Bitter Creek 66.3 1,040 Na S0y
Little Firehole Canyon 0.1 5,310 Na SlUN
Middle Firehole Canyon <0.1 3,100 Na S0y,
Summers Dry Creek 28.7 381 Na HCO3
Sage Creek 1.5 1,510 Mg SOy
Currant Creek 2.9 566 Ca HCO3
Upper Marsh Creek 0.1 961 Na SOy,
Middle Marsh Creek 0.1 996 Na SOy
Spring Creek 0.6 1,080 Na SOy
Birch Spring Draw 18 2,340 Na SOy
Sheep Creek 26.4 290 Ca SOy
Carter Creek 300 L2 Ca HCO3
Dutch John Draw - 0.1 518 Ca HCO3
Cart Creek 46.8 60 Ca HCOZ

Tnitial effects of closure on the Green River downstream.--The clo-
sure of Flaming Gorge Dam has been too Tecent (November 1962) to allow a
statement as to its ultimate effect on the chemical gquality of the water
downstream. Data for the first 4 years since closure indicate an initial
increase in the average dissolved-solids concentration of the water at
GCreendale. The highest weighted average dissolved-solids concentration
occurred in 1963 when a minimum of water was being released as the reser-
voir filled. During the next 3 years (196L4-66) the amount of water re-
leased was larger but the annual outflow at Greendale was still less than
the annual inflow. The annual weighted average dissolved-solids concen-
trations were less than in 1963 but greater than during the 6 years pre-
ceding closure (Figure 8). Information is not available on the chemical
quality of the water below the reservoir prior to 1957 when construction
of the dam began. Construction operations from 1957 to 1962 probably had
some effect, and the concentration and load of dissolved solids in the
Green River prior to the beginning of construction may have been slightly
different from that for the 1957-62 period.

Although the average dissolved-solids concentration of Green River
below the reservoir has increased, the seasonal fluctuation in concentra-
tion and chemical character is considerably less than it was before clo-
sure of Flaming Gorge Dam. The reported annual maximum concentration
has shown no significant increase or decrease for the period of record.
H?Wever, the annual minimum concentration has been considerably higher
since 1963 (Table B). The annual range in dissolved solids was as much
as 630 p.p.m. and the annual maximum dissolved-solids concentration was
W to §.2 times the annual minimum. For the period 1963-67, after clo-
Sure, the annual maximum dissolved-solids concentration has not exceeded
the annual minimum by more than 1.7 times. Prior to 1963 the water varied
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BASIC STUDIES

from a sulfate type during most of the year to a bicarbonate type during
the spring runoff season. The water below the reservoir is nov a calcium
sulfate type throughout the year. Figure 4 shows the range in chemical
composition of Green River at Greendale before and after closure.

In 1968 semples will be collected from the same sites that were sam-
pled in October 1966. These data should give valuable information on
changes with time in the chemical characteristics of water stored in the

reservoir.

However, additional data need to be collected throughout the year to
precisely define the type of limnological cycle which occurs in the reser-
voir. A longer term record than presently available 1is needed on the in-
flow and outflow loads to accurately determine the effects of Flaming
Gorge Dam on the downstream sections of the Green River.

2. Lake Powell

Water quality studies were started by the Bureau of Reclamation at
Lake Powell in January 1965 as the lake was approaching inactive storage
level. The program is to collect and analyze water samples four times a
year at seven different locations. January, May, July, and October are
designated as the months of collection and in addition samples are taken
once a month at the mouth of Wahweap Creek. The samples are taken at
50-foot intervals to the bottom of the lake. Results of the sampling
for 1966 are shown on the accompanying isohaline graphs.

The graphs show that for any point in the reservoir the salt concen-
tration increases with depth. There is also a decrease in concentration
near Qak Canyon, showing a dip in the curves. This is believed due to
the influence of the less concentrated flows of the San Juan River enter-
ing about 7 miles above Oak Canyon. The January graph shows the concen-
tration near the surface of the reservoir increasing toward the upper end
of the reservoir. As the high flows in May with less concentration enter
the reservoir, the higher concentrated water above Bullfrog becomes di-
luted. In July and on through October concentrations once again increase
Upstream due to the inflow of more highly concentrated water from the
Colorado and Green Rivers during the summer and fall seasons.

The graphs also indicate that the less concentrated water is passed
on through the powerplant penstock and on down the river.

F. DNonagricultural Sources of Salinity

. Inspection of the flow and quality records reveals that along certain
Seaghes of the Colorado River there are large increases in the dissolved-
°lids 1oag that cannot be attributea to ilrrigation. Some of this

L3
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BASIC STUDIES

increase is due to saline springs and wells in the Upper Basin (Tables
C and D) and nonirrigated tributaries above Lake Powell, and some is con-
tributed in the reaches Lees Ferry to Grand Canyon and Grand Canyon to

Hoover Dam.

During 3 consecutive years (1949-51) when there was very little in-
crease in water discharge between Lees Ferry and Grand Canyon, the
dissolved-solids load increased asbout 1.3 million tons each year. During
1941 the discharge increased by about 1 million acre-feet, but the load
increased by only 2 million tons. In 1952 the discharge increased by 0.2
million acre-feet and the load by 2.2 million tons. With the exception
of these 2 years the annual increase in dissolved-solids load during the
26-year period has ranged from O.5 million tons to 1.8 million tons.

In 1962 runoff of 1k.k million acre-feet at Lees Ferry increased by
400,000 acre-feet at Grand Canyon and the dissolved-solids load increased
by half a million tons. By contrast, during the filling of ILake Powell
the following year, only 1,384,000 acre-feet was recorded at Lees Ferry
and the increase in flow at Grand Canyon amounted to 246,000 acre-feet,
but the dissolved-solids load still increased by more than a half million
tons. Likewise, with a small flow in 1964 the dissolved-solids load in-
creased by nearly 900,000 tons.

large amounts of dissolved sclids also are added to the Coloradoc
River between Grand Canyon and Hoover Dam. This does not result entirely
from the solution of material in the bed of Lake Mead, but definition of
specific sources along this reach of the river is difficult.

Past records also indicate an increase in salt load in the ILake
Powell area above Lees Ferry and below the Green River, Cisco, and Bluff
stetions. Torns and oihers (1965, p. 20) presented estimates of dissolved-
solids loads in this river reach based on the period 1914-57 adjusted to
1957 conditions of development. Unaccounted inflow of dissolved solids
in this reach amounted to about 5 percent of the load at lees Ferry. Al-
though the data in the tabulation on page 4G represent a different base
Period than used elsewhere in this report, they are sufficiently compar-
gble to indicate the magnitude and relative importance of various sources
of dissolved-solids inflow to Lake Powell.

L6
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Table C
Mineral and Saline Springs
Upper Colorado River wmmeW\
v Concen- Total dissolved
S0 Concen- tration solids Flow
Flow L cl tration (tons/ Tons/ Tons/ (ac.-ft./
Spring and location (c.f.5.) (eg./1.) (ng./1.) (mg./1.) ac.-ft.) day year year).
Castle Creek Spring near Moab, Utah 0.245 1,290 1,460 4,390 6.0 2.9 1,060 177
Onion Creek Spring near Moab, Utah 0.122 1,830 4,000 9,120 12.4 3.0 1,100 88
Cold Kendall Spr. nr. Kendall

Ranger Sta., Wyo. 1.400 1,300 1 2,100 2.8 7.9 2,880 1,014
Ragen Spring on Muddy Cr. west of

Ft. Bridger, Wyo. 0.089 1,620 3,380 9,210 12.6 2.2 800 o
Dotsero Sprs. 1.5 mi. west of Dotsero,

Colo. 17.000 w 450 5,800 10,700 1k4.5 500.0 182,600 12,308
Glenwood Sprs. area, Glenwood Sprs.,

Colo. 18.000 1,150 10,000 18,900 25.5 919.0 335,000 13,032
Steamboat Sprs. at Steamboat Sprs., v

Colo. 1.4k00 | 615 1,400 23.4 8,500 1,014
Lithia Spring, Steamboat Sprs., m :

Colo. 0.022 460 1,350 0.3 110 16
Piceance Creek Spring, Meeker, Colo. 0.022 4oL 632 0.2 T2 16
Trimble Hot Spring, Durango, Colo. 0.066 . 1,010 2ho 0.1 36 48
Pagosa Hot Spring, Pagosa, Colo. 2.300 , 1,500 173 ! 20.0 7,300 1,665
Pinkerton Hot Spring, Durango, Colo. 0.500 635 1,010 5.0 1,820 362
Yellow Creek Spring, Rangely, Colo. 0.089 . 58 750 | 2.3 840 64
Ridgway Hot Spring, Ridgway, Colo. 1.000 1,460 103 | 7.0 2,550 24
Paradise Hot Spring, Dunton, Colo. 0.111 134 2,800 W 1.7 620 80
Big Sulphur Spring, Meredith, Colo. 0.333 1,390 1 M 2.0 730 241
Arsenic Spring, Crystal Mining Camp 2.000 1,350 2 ¢+ 11.0 4,000 1,448
Coal Mine Drainage, Oak Creek, Colo. 0.666 1,960 4 6.2 2,260 482
Seepage to Big Sandy Cr., Farson,

Wyo. 0.133 . 3,340 37 , .0 130 96

Total 45,598 1,516.2 553,008 32,939

1/ List of springs limited to those with T.D.S. concentrations in excess of 2,000 mg./1.
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BASIC STUDIES

Dissolved-solids load

Percentage
Thousands of Colorado
of tons River at

. Strean per year lees Ferry
Colorado River near Cisco, Utah 4,120 L7.7
Green River at Green River, Utah 2,652 30.7
gen Rafael River near Green River, Utah 190 2.2
Dirty Devil River near Hite, Utah 198 2.3
Escalante River at mouth near Escalante, Utah 25 .3
San Juan River near Bluff, Utah 997 11.5
Other sources including ground water inflow 460 5.3
Colorado River at Lees Ferry, Arizona 8,6k2 100.0

More studies are needed to identify the magnitude of specific nat-
ural sources of salinity downstream from the confluence of the Colorado
and Green Rivers.

The following section summarizes available information about the
contribution of dissolved solids by various sources to the Colorado River
between Glen Canyon and Hoover Dams.

1. Contribution of Salts to the River System by Springs and Tributaries

Table C summarized information about the contribution of water and
dissolved salts by springs to the Upper Colorado River system. Recent
studies in the Lower Basin by the Geological Survey and the Bureau of
Reclamation have provided information about the contribution of springs
to the Colorado River between Glen Canyon Dam and Lake Mead and to the
Virgin River which drains into TLake Mead.

Between Glen Canyon Dam and Lake Mead numerous springs and small
spring-fed tributary streams, as well as several large streams, contrib-
Ute water and dissolved solids to the Colorado River. The largest con-
tributors of dissolved solids are the Paria and Little Colorado Rivers
and Bright Angel, Tapeats, Kanab, and Havasu Creeks. Records summarized
in this report for the hydrologic data stations on the Colorado River at
Lees Ferry (Jjust upstream from Paria River) and near Grand Canyon (just
upstream from Bright Angel Creek) indicate that each year slightly more
than a million tons of dissolved solids are added to the Colorado River
in this reach alone. About half of this increase can be attributed to
Springs in the lower 13 miles of the channel of the Little Colorado River.
The Virgin River salinity contribution is principally from the LaVerkin
Springs about 40 miles northeast of Littlefield, Arizona.

Paria River.--Torns and others (1965, Table 10, p. 346) estimated
that The Paria River contributed about 34,000 tons of dissolved solids
aﬁd 23,000 acre-feet of water annually to the Colorado River. Thelr es-
timates were based on the period 1914-57, adjusted to 1957 conditions of
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development. For the 19&1—66 period the average annual contribution is
gbout 30,000 tons of dissolved solids and 18,800 acre-feet of water.
Sulfate, calcium, sodium, and magnesium are the major dissolved constitu-
ents making up this dissolved-solids discharge.

1ittle Colorado River.--The water discharge of the Little Colorado
River near Cameron, Arizona, which is above Blue Spring, has ranged dur-
ing 1948-64 from 19,260 acre-feet in 1956 to 347,600 acre-feet in 1952.
The average for the 17-year period is 134,300 acre-feet. An estimated
annual dissolved-solids discharge of 130,000 tons appears reasonable for
the Little Colorado River Basin upstream from Blue Spring. This estimate
is based on chemical-quality records collected at Cameron which 1is up-
stream from the gaging station and from Moenkopi Wash.

Blue Spring is in the bed of the Little Colorado River asbout 13 miles
upstream from its mouth at approximately 36°07' N. latitude and 111°42' W.
longitude. Other springs discharge into the channel of the Tittle Colorado
River throughout a 10-mile reach downstream from Blue Spring. Measurements
of water discharge near the mouth of the Little Colorado River made at
times when the river was dry at the gaging station near Cameron, Arizona,
(mile 45.5) indicate that the combined flow of the springs is constant.
The average discharge, based on 10 measurements from June 1952 to May
1966, was 222 cubic feet per second. This discharge results in a contri-
bution of 161,000 acre-feet of water annually to the Colorado River.

A recent chemical analysis of water collected on June 21, 1965, about
1 mile upstream from the mouth of the Little Colorado River is given below.

Silica (SiOp), DP.P-.M. o « - 17 Dissolved solids (residue
Caleium (Ca), p.p.m. - = - 91 at 180° C.), p.p.m. . - - » 2,500
Magnesium (Mg), p.p.m. - - 6l Tons per acre-foot . . . - 3.4
Sodium (Na), p.p.Mm. =« - - * 780 Tons per day at 222 c.f.s. 1,500
Potassium (K), p.p.m. =« - * 35 Hardness as CaCO3, P.p.m. - - Lgo
Bicarbonate (HCO3), P.p.m. 396 Noncarbonate hardness as
Sulfate (SOL), p-p.m. - - - 163 CaC0O3, PePele = + = + - ° . 166
Chloride (Cl), p.p.m. - - - 1,220 Sodium” adsorption ratio . . . 15
Fluorige (F), p.p.m. - - » 0-2 Specific conductance

(micromhos per cm. at

25° C.) s e e e e e e e . k520

pH (field) « v o ¢ o o o o . 8.2

Be§ause the river had not flowed at the gaging station near Cameron,
gleOna, for several weeks prior to June 21 and because the measured water
ischarge was 220 c.f.s., the sample is considered to be representative
;zggmmined spring inflow in the lower reach of the Little Colorado River.
ullmates of dissolved-constituent contribution from these springs, using
Mf above data and an annual water discharge of 161,000 acre-feet, are

own on the following page.
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Constituent Tons per year
Silica- 3,700
Calcium 19,900
Magnesium 14,000
Sodium 171,000
Potassium 7,700
Carbonate 42,700
Sulfate 35,700
Chloride 267,000
Dissolved solids

(residue on evap.) 547,000

Bright Angel Creek.--Bright Angel Creek enters the Colorado River Just
downstream from the hydrologic data station near Grand Canyon. The aver-
age annual water discharge (41 years of record) of Bright Angel Creek at
its mouth is 25,630 acre-feet and 1s mostly from springs near the North
Rim of the Grand Canyon. The base flow has been estimated as 15,000
acre-feet per year. Records of water quality indicate that the average
dissolved-solids concentration is about 0.27 tons per acre-foot and that
calcium, magnesium, and bicarbonate are the major dissolved constituents.
The annual contribution of dissolved solids from Bright Angel Creek to
the Colorado River is about 7,000 tons.

Tapeats Creek.--Tapeats Creek is fed by springs in its headwaters
and by Thunder Spring, the source of water for its major tributary, Thun-
der River. Simultaneous measurements of water discharge at the mouth of
Tapeats Creek and at the mouth of Bright Angel Creek indicate a good cor-
relation of streamflow (R. B. Sanderson, written communication, 1963) and
thus permit application of the long-term streamflow record for Bright
Angel Creek to estimate the discharge of Tapeats Creek. By use of this
torrelation the average annual discharge of Tapeats Creek 1is estimated to
e about 58,000 acre-feet.

Only few determinations of water gquality of Tapeats Creek at its
?@Wh have been made. These data indicate that the water is of the cal-
“lum, magnesium, bicarbonate type, and is of low mineralization.

Water discharge Dissolved solids
Date (c.f.s.) (tons per acre-foot)
2—%-2(1) 59.1 0.0k
-10- 51. -39
6-22-65 80 (est.) .16
6-25-65 79.8 .20

If the average dissolved-solids concentration of water at its mouth
S 2 ton per acre-foot, Tapeats Creek contributes about 12,000 tons of
Olved solids annually to the Colorado River.

is 0.

Us
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Kenab Creek.--Kanab Creek has a drainage area of about 1,600 square
miles, of which about 1,000 square miles is in southern Utah. The few
measurements of water discharge and water quality made at the mouth of
Kanab Creek are as follows.

Water discharge Dissolved solids
Date (c.f.s.) (tons per acre-foot)
9-11-23 3.8 -
6-10-53 3.83 --
6-19-60 4.10 1.56
6-22-65 12 (est.) 1.60
6-25-65 L (est.) 1.0k

Calcium, magnesium, and sulfate are the principal dissolved constit-
uents.

Assuming that the base flow of Kanab Creek at its mouth is about 4
c.f.s. and that the corresponding dissolved-solids concentration is about
1.5 tons per acre-foot, the minimum annual contribution of dissolved
solids from Kanab Creek to the Colorado River can be estimated as 4,500

tons.

Havasu Creek.--Havasu Creek drains the Coconino Plateau south of the
Colorado River and enters the river about 13 miles downstream from Kanab
Creek. Two determinations of water quality at the mouth of Havasu Creek
indicate that the water is of the calcium, magnesium, bicarbonate type
and that its dissolved-solids concentration is 0.5 ton per acre-foot.
Available data are summarized as follows:

Water discharge Water discharge
Date (c.f.s.) Date (c.f.s.)
9-13-23 1/75.5 6-12-52 62.9
5-20-50 ~ 60.0 6-13-52 65.7
10-20-50 63.8 6-22-65 §/65 (est.)
6-14-51 59.3 6-25-65 60 (est.)
6-16-51 2/83.3 12-28-66 66.6

l/ Probably includes some inflow to canyon above springs.
g/ Dissolved-solids concentration was about 0.5 ton per

acre-foot.
3/ Dissolved-solids concentration was 0.48 ton per acre-

foot.

If the base flow of Havasu Creek is 65 c.f.s. (47,000 acre-feet per
¥Far) and the average dissolved-solids concentration 1is 0.5 ton per acre-
JMt, a minimum annual contribution of 24,000 tons of dissolved solids
an be estimated to reach the Colorado River from Havasu Creek.
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Other tributaries between Glen Canyon Dam and Iake Mead.--Many small
springs and spring-fed tributaries also contribute dissolved solids to
the Colorado River, but information about the water discharge and chemi-
cal quality of these inflows is sparse. In recent years, however, sev-
eral parties of Interior Department scientists and engineers have made
observations of water discharge and collected water-quality data during
trips down the Colorado River.

Virgin River.--The dissolved-solids discharge of the Virgin River
at Littlefield, Arizona, is about 350,000 tons per year (see Table 15).
Although much of the water and dissolved solids is diverted for irrige-
tion between Littlefield and the mouth of the river in Lake Mead, the
dissolved solids eventually reach Lake Mead.

Of the springs which discharge into the Virgin River and its tribu-
taries, the largest contributor of dissolved solids probably is LaVerkin
Springs ("Dixie Hot Springs"). These warm (105-107° F.) springs dischage
into the river in a reach several hundred yards long about 4O miles north-
east of Littlefield, Arizona. Some of the springs rise in the bed of
the river, and others discharge from the sides of the canyon walls in the
Hurricane Fault zone.

In recent years several measurements of water discharge have been
made just downstream from the springs when the entire flow of the Virgin
River upstream from the springs was being diverted. These measurements
ranged from 10 to 11 c.f.s. and indicate that the flow of the springs
{oes not vary appreciably. The chemical quality of the combined spring
inflow is relatively constant as indicated by analyses of samples col-
lected at the time discharge measurements were made. A typical analysis
of the total inflow of the springs is given below. The sample was col-
lected on August 31, 1960, when the river was dry upstream from the
Springs.

Analysis of laVerkin Springs, August 31, 1960

Silica (Si0p), p.p.m. . - - 28 Dissolved solids (residue
Caleium (Ca), p.p.me - » - 590 at 180° C.), p.p.m. - + 9,350
2ﬁ€§esium (Mg), p.p-m. - - 148 Tons per acre-foot . - 12.8
;mlUm (Na), p.p.m. . . . . 2,190 Tons per day at 10.6
otassium (X), p.p.m. - - . 177 c.f.s. discharge - - 269
B Hardness as CaC0O3, p.p.m. 2,080
&nzrbonate (HCO3), p.p.m. 583 Noncarbonate hardness as
ate (SOy), p-p.m. . - - 2,050 CaC03, P.peM. = = * * * 1,600
lor?de (c1), p.pm. . . . 3,610 Sodium adsorption ratio - 2L
Niﬁirlde (F), p.p.m. . . . 2.1 Specific conductance
BOI‘a.te (NO3), p.p.m. . . - 3.2 (micromhos per cm.
on (B), p.p.m. . o « .« 5.0 at 25° C.) + « « + + = + 13,500
PH « « « o o o o o o o o T.4
Density g. per ml. at
50° C. + « + + &+« - 1,005
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Using the above data, the annual contribution of LaVerkin Springs is
estimated as 7,700 acre-feet of water and 98,000 tons of dissolved solids
which include principally sodium (26,000 tons), sulfate (22,000 tons),
and chloride (38,000 tons).

2. Summary of Contribution by Springs and Tributaries

Major springs and spring-fed tributaries snmelly contribute a min-
jmum of almost 800,000 tons of dissolved solids to the Colorado River be-
tween Glen Canyon Dem and Lake Mead. Storm runoff in small tributaries
in this reach of the Colorado River contribute an unknown, but probably
much smaller, load to the river. The contribution of dissolved solids by
major sources of inflow between Glen Canyon and Iake Mead represents about
10 percent of the average dissolved-solids load of the Colorado River at
lLees Ferry. Springs in the lower Little Colorado River contribute about
half of the measured increase in dissolved-solids discharge in the Colo-
rado River between lLees Ferry and Grand Canyon.

TaVerkin Springs discharge almost 100,000 tons of dissolved solids
annually to the Virgin River; this contribution is about one-fourth of
the measured dissolved-solids discharge of the Virgin River at Little-

field, Arizona.

The annual dissolved-solids contributions of major springs, streams,
and spring-fed tributaries to the Colorado River between Glen Canyon Dam
and Take Mead and to the Virgin River are summarized in the following
tabulation.

Dissolved-solids discharge

Source in thousands of tons per year

Colorado River at Lees Ferry, Arizona 3,141 -
Paria River - 30
Little Colorado River above Blue Spring - 130
Springs in Lower 1ittle Colorado River - 550
Subtotal - T10

Colorado River near Grand Canyon, Arizona 9,291 -
Bright Angel Creek - 1
Tapeats Creek - 12
Kanab Creek (base flow) - L
Havasu Creek (base flow) - 2L
Subtotal - L7
Total inflow in Colorado River - 7?7
LaVerkin Springs - g8

Virgin River at Littlefield, Arizona 350 -
Total inflow to Colorado and Virgin Rivers - 855

nﬁ minimum annual inflow of 855,000 tons from these sources result in an
increase in dissolved-solids concentration of about 60 parts per million
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(0.08 ton per acre-foot) in the Colorado River, on the basis of an annual
flow of 11,000,000 acre-feet.

@¢. Sedimentation Studies

Prior to construction of the storage units of the Colorado River
Storage Project, most of the larger tributaries and the main stem of the
Colorado River carried large 1oads of suspended sediment in their middle
end lower reaches. This sediment was detrimental to diversions of water
for consumptive use as well as to high-type fishery and other recrea-
tional uses. The construction of Fontenelle, Flaming Gorge, Navajo, and
Glen Canyon Dams has produced dramatic changes in the streams immediately
below the reservoirs and the effect has been felt to a lesser degree far
downstream. Regulation of the Green River at Fontenelle Dam has cleared
up the Green River to a point where much of the intervening reach be-
tween Fontenelle Dam and the headwaters of Flaming Gorge has changed to
a relatively clear trout water fishery. Release of cold, clear water
during the entire year through turbines at Flaming Gorge has converted
the section of the Green River immediately below Flaming Gorge into one
of the best fishing and boating streams in the general area. Float trips
on rubber rafts are especially enjoyed by the public in the miles between
Flaming Gorge Dam and Little Hole. Storage of sediment in Navajo Reser-
voir produces marked changes in the first few miles below the dam, but
the numerous arroyos soon contribute another sediment load for the San
Juan River to transport.

The 15-mile reach of the Colorado River between Glen Canyon Dam and
lees Ferry, Arizona, has literally become a trout stream fishery oasis
in the desert. Immediately upon final closure of Glen Canyon Dam, this
spectacular canyon section was planted with trout and overnight developed
into a mecca for stream fishermen.

Suspended sediment loads of the Colorado River at Lees Ferry, Ari-
zona, have been measured with some interruption since 1929. In that wa-
ter year 352 million tons of suspended sediment passed the gaging station.
The load dropped to 2.2 million tons in calendar year 1963 after Glen
Canyon Dam was closed and the outflow from the dam was severely restricted
in order to obtain initial storage in Take Powell. Suspended sediment
transport and waterflow continued low through 1964. Minimum power head
vas attained in late 1964, so flows were stepped up to the point where
ll,SOO,OOO acre-feet passed the lees Ferry .gage in calendar year 1965.
Conversely only about 5.9 million tons of sediment passed the gage. In
%966, 7,700,000 acre-feet of water passed the Iees Ferry gage. Only an
intermittent sampling of sediment was made and therefore an accurate
total load was not available. From the intermittent sampling (1 to 4
samples a month) it was estimated that only about 400,000 tons of sedi-
Dent passed the Lees Ferry gage. Figure 11 shows the relationship be-
tween water and sediment flow at Lees Ferry during the period 1948-66.
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Another interesting event is reflected on the graph in 1959 when the
cofferdam was finished and diversions through the tunnels began. Sedi-
ment was deposited behind the cofferdam in 1959 and 1960, but the avail-
sble volume was filled and the cofferdam lake gradually lost its effec-
tiveness so passage of sediment measured at Lees Ferry built up to 67

million tons in 1962.

(lear water released from Take Powell also degraded and stabilized
the channel below Glen Canyon Dam during this period. Clear water was
also observed flowing into Lake Mead during some periods.

Lake Powell and other CRSP reservoirs will effectively trap and
store almost all of the sediment originating in the Upper Colorado River
Basin. Iake Powell will trap approximately 80 percent of the sediment
that formerly flowed into Iake Mead.

Suspended sediment records are being obtained at key locations to
measure the changes that are taking place as use and regulation of the
stream system progresses. Some of these stations are shown in Tables
39 to 44 and include Green River near Jensen, Utah; Green River at Green
River, Utah; Colorado River near Cisco, Utah; San Juan River near Bluff,
Utah; Colorado River at Lees Ferry, Arizona; and Colorado River near
Grand Canyon, Arizona. These tables show by calendar years the monthly
flow, weighted concentration in p.p.m., and the suspended load of sediment.




PART VI. QUALITY OF WATER

A. Historic Condition

The historic dissolved-solids concentration at 18 key stations in
the Colorado River Basin is shown in Tables 1 to 18 for the 1941-66 pe-
riod. The Lees Ferry and Grand Canyon stations have been subjected to
extremely abnormal conditions during the 1959-66 part of that period be-
cause of low runoff in 1959, 1960, and 1961 and because of filling Lake
Powell in 1963 to 1966. The recorded flow at Lees Ferry in 1963 was
1,384,000 acre-feet and 3,244,000 acre-feet in 1964 and the dissolved-
solids concentration was 1.27 and 1.10 tons per acre-foot, respectively;
however, the average concentration remained at O0.74 ton per acre-foot
for both the 1941-61 and the 1941-66 periods. The concentration at Grand
Canyon remained the same for both periods also.

The addition of 2 more years of quality of water data shows very
little average change from the 1941-64 period used previously. Nine of
the stations show no change; at seven the concentration increased by 0.0l
ton per acre-foot, and at one it increased by 0.02 ton per acre-foot. The
average concentration for the other, the Virgin River station, for the pe-
riod 1941-64 was 2.27 tons per acre-foot while the average concentration
for the period 1941-66 was 2.26 tons per acre-foot.

The average concentration at Grand Canyon for the 1941-66 study pe-
riod is 0.83 ton per acre-foot as shown by Table 1L4. Quality records are
complete for the Grand Canyon station from 1926 to 1940 also, and the av-
erage concentration for that period was 0.81 ton per acre-foot. It would
appear that any developments that have taken place in the upper portion
of the Colorado Basin above Grand Canyon during the last LO years have
had a very small effect on the weighted-average dissolved-solids content
of the water of the Colorado River.

The extremely low flows in the river below Lees Ferry during Lake
Powell filling (1,384,000 acre-feet in 1963 and 3,244,000 acre-feet in
196k4) combined with the normally high discharge of dissolved solids from
Blue Springs on the Little Colorado River caused the concentrations at
Grand Canyon to be high. In spite of this the average concentrations at
Grand Canyon are only 0.09 ton per acre-foot higher in 1963 than in 1934,
which was the previous year of the lowest runoff.

The increase in total dissolved solids in the Lower Coloradc River
Basin since 1963 has caused some concern but a close look at the histor-
%Cal record shows that the increase would not be permanent and that sim-
ilar increases have been experienced in the past. The concentrations of
@issolved solids in the water below Hoover and Parker stations began to
increase from the 650-700 p.p.m. range in early 1964 to the T50-80C range
during 1965 and the first half of 1966. In mid-1966 the concentration
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began to decrease and toward the end of 1967 it was again down in the
650-700 p.p.m. range at both stations.

The historical record for the 1955-5T7 period shows that the situa-
tion was even worse at that time with the concentrations going higher
and staying higher for a longer period of time. The high concentrations
during both periods were primarily caused by low runoff in the Colorado
River with the 1965-66 increase at the Hoover and Parker stations being
aggravated by the filling of Lake Powell and other upstream reservoirs.
The historical concentration at Lees Ferry was back down to 515 p.p.m.
in 1966, which is the lowest at that station since 1957. This compares
with an average high of 934 p.p.m. in 1963 during an extremely low run-
off year. Because of the large storage capacity at Lake Mead and Lake
Powell there is a considerable timelag in water passing through a res-
ervoir so the better quality water released from Lake Powell 1in 1966
will probably not reach the stations below Hoover Dam until late 1967

and early 1968.

Between Parker and Imperial Dams there is a further net decrease of
624,000 acre-feet in the average discharge but a net increase of 386,000
tons per year of total dissolved solids.

The concentration of dissolved solids in the Virgin River at Lit-
tlefield, Arizona, 1s high but the discharge is small. The higher con-
centration increases the overall concentration of water discharged from
Lake Mead by about 0.02 ton per acre-foot.

B. Ionic Loads

Annual summaries of the ionic loads in tons-equivalent for the 1941-
66 period have been included in this report to further depict quality con-
ditions at various key stations. The tables give ionic lcads for the s5ix
principal ions. The amount of potassium is negligible and carbonates are
generally not present.

A study based on the various ions inflowing to the lLake Powell area
from the Colorado, Green, San Rafael, and San Juan Riv-rs has been made
for comparison with the ionic load data at Lees Ferry. The resultant
data represent conditions prior to storage in Lake Powell. Similar data
collected after storage begins will permit comparison of conditions both
before and after storage and will provide information about changes in
concentration of ions in the reservoir basin resulting from storage. One
difficulty that becomes apparent from this study is that the percentage
of change in ionic load is frequently within the limits of error for
Streamflow and quality measurement.

The ionic changes according to the studyv average as follows.

59




QUALITY OF WATER

Percentage increase
at Lees Ferry
over sum of
Ion upstream tributaries
Calcium 12
Magnesium
Sodium
Bicarbonate
Sulphate
Chloride
Total dissolved solids

@I\O-—\'IN D\

C. Present Modified Condition

Present modified flow, as defined for this report, is the flow ex-
pected at any point with all upstream existing projects in operation for
the full period of study. It was estimated at the various stations by
assuming a recurrence of past water supply conditions and by deducting
from the annual historical flows the depletions that would have resulted
from the operation of all upstream projects constructed and in operation
since that year. It should be noted that, when a project becomes fully
operational, the streamflow record reflects the depletion and present
modified flow becomes equal to historical flow.

Historical flows since 1941 have been affected by the transmountain
diversions of the Colorado-Big Thompson Project, Duchesne Tunnel of Provo
River Project, Roberts Tunnel of the City of Denver, and a number of small
inbasin developments. More recently the Collbran, Paonia, Smith Fork,
Florida, and Hammond Projects and Vernal Unit of Central Utah Project have
come into operation. Also, evaporation from the storage units--Glen Can-
yon, Flaming Gorge, Navajo, and Curecanti--is now in effect along with
the Hayden steamplant, Utah Construction Company steamplant, expansion
of Hogback lands, and the municipal and inductrial uses in Wyoming. The
depletions from these projects have been extended pback to 1941, from the
time they became operational, so that when new projects are imposed on
the present modified condition the anticipated effects cen be estimated.
In the near future additional evaporation will be in effect from the
storage units, and several projects now under construction will become.
?Derational. The addition of these new depletions results in slight
increases in dissolved-solids concentrations under present modified con-
ditions over the 1941-6L4 period.

After the present modified flows were computed, the quality data
Were extended to give the expected quality for the study period. Qualilty
data were computed by taking into consideration the weighted average of
th? concentrations of total dissolved solids for the various transmoun-
tain @iversions. Also, the change in dissolvec solids resulting from
the inbasin developments was computed on the basis of an assumed pickup
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of 2.0 tons of dissolved solids per acre of irrigated land and a deple-
tion of 1.5 acre-feet of water per irrigated acre.

Comparison of the historic and present modified flow columns of
Tables No. 1 to 18 indicates that flow 1s less and the concentrations
greater under present modified conditions than under historic condi-
tions. For those drainage basins where no significant development had
taken place during the 26-year period, the flow and quality data were
considered to be the same under historic and present modified conditions.

As in the previous reports, present modified flows are used as a

basis for developing the anticipated effect of the storage units, par-
ticipating projects, and other developments.

D. Industrial Wastes

Discharge of industrial and mine wastes into the Colorado River
system has only been of locgl concern and not an overall major problem
in the past. With continued increase in industrial development expected,
this source of pollution could become an important factor in the quality
of water for downstream uses. Present and potential industrial wastes
include those from uranium, coal, silver, lead, trona, and other mines
and mills, railroad yards, manufacturing plants, meat and food packing
plants, petroleum and oil shale industries, steam powerplants, and many
other industries. Pollutants derived include dissolved solids, oils and
grease, floating debris, tailings, chemicals, radiocactive substances,
packing plant wastes, cooling water, and other matter which would cause
color, odor, or taste, or be toxic or interfere with the beneficial use
of the water.

The recent establishment of state standards and enforcement of them

should have a marked effect on curtailing industrial waste inputs as they
are point sources of pollution and can be fairly well controlled.

E. Municipal Problems

Part of the water supply of municipalities is used to transpcrt
waste products for disposal to nearby streams. Within the Colorado River
Basin most of the sewage discharges reenter the river system. Although
some of the wastes from these sources are treated for removal of organic
@atter and purification, the treatment does not remove the dissolved sol-
ids. Numerous commnities within the Colorado River drainage area had
either no treatment or only primary treatment facilities as of December

1965.
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Recent legislation controlling pollution from these sources to-
gether with available Federal grants has resulted in improvements or in
installation of secondary oOr complete sewage treatment plants in many of
these communities. It 1is anticipated that future enforcement of state
standards will result in the control of pollution from these sources.

F. Temperature Effects

Temperature changes can be due to man-introduced industrial wastes,
return of other water uses, natural climatic conditions, OT storage in
large reservoirs. Temperature increases can cause undesirable stream
and reservoir conditions such as decreased oxygen capacity, increased
oxygen demand, growth of fungus and odor-producing organisms. Many state
and interstate water pollution control organizations include in their
standards restrictions on temperatures Or increases in temperatures. The
inclusion of water temperature restrictions in state standards has re-
sulted in creating some problems associated with irrigation, mnicipal
and industrial, and other types of water use developments. When late
summer flows are diverted for these purposes, the diminished flow of the
stream is affected to a greater degree by heating from natural inflows,
irrigation return flows, industrial wastes, and sunlight than would be

the case under full flow conditions.

Temperature increases in the Colorado River Basin due to industrial
wastes have been minor. This source of heat, however, should be con-
trolled as future industrial growth occurs in the basin. Temperature
increases due to irrigation return flows have not been a problem and are
not expected to be a major problem in the Colorado River Basin except
possibly where river flows have been greatly depleted as previously men-

tioned.

Storage and release of water from Flaming Gorge, Iake Powell, Nav-
ajo, and the Curecanti Reservoirs resulted in temperature changes in the
river reaches below the dams. The general effect of storage release 1s
t0 increase the temperature during the winter and decrease 1t in the sum-
mer, thus reducing extreme variations. It has peen reported that the
maximum temperature that trout can tolerate 1s about 80° F. with an op-
timm temperature of about 55° F. for maximum rate of growth and repro-
duction. The lowering of the summer temperatures due to released water
from storage 1s partial reason for the excellent trout fishing conditions

now existing in these reaches.

Temperature variations near Grand Canyon are similar to those at
Lees Ferry while those for the Virgin River near Littlefield apparently
show the effects of the LaVerkin Springs as winter and spring tempera-
tures remain higher than those of the Coloradc River near Grand Canyon.

62




QUALITY OF WATER

Temperature effects below Hoover Dam are similar to those below
Glen Canyon Dam in that extreme variations have been eliminated. Ap-
parently the operation of Lake Powell has not produced any change in the
release temperature of the water pelow Hoover Dam. According to the tem-
perature records, the average temperature has remained almost constant
before, during, and after filling Lake Powell. In the reach below Parker
Dam the temperature variation during the year is more extreme than below
Hoover Dam due to less water depth and water content in the reservoir.

At Imperial Dam the winter temperatures remain about the same &s below
Parker Dam while the summer temperatures increase up to around 86° F.
Tables E through J show the temperature of the water for the Colorado
River at stations from Lees Ferry to Imperial Dam and the Virgin River.




Teble E
Temperature of water
Colorado River at Lees Ferry, Arizona

(Unit: °F.)
Year Jan. Feb. Mar. Apr. May June July Auvg. Sept. Oct. Nov. Dec. Total Mean
9545 76 T2 58 LT 37 290
1950 36 42 49 58 62 68 77 7 70 62 48 4o 689 57
1951 36 Lo L8 59 63 67 78 77 70 58 L4 36 676~ 56
1952 35 39 ks 54 61 67 T5 78 70 63 37* 62k
1953 36 b1 4o 57 61 67 80 78 61 L7 36 613
195% 37 Ly L8 63 5] Th 80 76 T1 61 L8 37 T07 59
1955 3k 36 L6 5k 61 69 76 79 70 €0 46 Lo 671 56
1956 by Lo 48 57 63 70 78 Th 72 60 L2 36 681 57
1957 38 L5 52 57 61 67 73 75 68 59 Lk 38 617 56
1958 36 L5 49 55 63 69 76 80 7 65 4o Lo 698 58
1923 37 L5 52 65 Th 82 83 Th TO* w8 - *ﬁg
1 59 *
1361 3 L% 51% 59 66 75 8o% 79 67* 56% L5 36* 690 58
1962 3l Lo* L6 57% 60% 68% TE* 77 72 61 50% how 681 57
1963 3h* 40 L8* S50% 56% S58% 63* 67* 66 63% 60%* 605 5
1964 L7 5% 5% L% 50% 3 B0* 56 T TO% Gi¥ 56% 666 56
1965 5% 50% 50% 50% 51 55% 6% 68% 67% 52% Low 604
1966 58% 52 53 58 6l 65 65 63% ST* 585
Total 567 B3k 785 Bg2 §73 1,070 1,186 1,256 1,080 1,086 T8 339 10,884
Mean 38 b2 49 56 61 67 Th Th 70 62 kg Lo
¥Based on incomplete records.
Table F
Temperature of water
Colorado River near Grend Canyon, Arizone
. (Unit: °F.)
Year Jan. Feb. Mar Apr. Mey June July Aug. Sept. Oct. Nov. Dec. Total Mean
TGIT 5] L% 51 55 63 (5] 76 T 23] 58 LT e} %85 57
19‘:‘2 37 Lo b7 57 60 68 77 7 70 @ N N 533
1943 7 3 152
19hk 39 L3 50 57 €5 & 78 77 73 63 50 39 703 59
1945 39 Lb 48 56 6l 66 72 76 69 6% Ll 36 676 56
1956 36 39 T8 61 [ TL T8 ki 75 58 L5 L1 %92 58
1947 35 L3 52 58 65 3] 76 7 73 62 L6 39 &4 58
1948 36 39 L7 55 63 70 79 77 ™ 62 L6 39 687 57
1949 36 37* Lo 59% 66 Tl 19 78 Th 60 50 Lo 695 58
1950 37 43 50 58 64 71 79 76 el 64 50 42 705 53
1951 39 L2 50 59 65 T1 T9% T T2 60 L% 3 CE
1952 37 L1 L6 5T 65 71 78 79 Tl 63 50 38 696 58
1953 39 41 50 58 62 68 19 77 T2 61 50 38 695 58
1954 38 Ly 50 62 €9 72 80 7 72 62 50 ko 7 6
1955 37 37 47 55 63 70 78 19 73 64 50 42 695 58
1956 LL 43 50 59 o7 T3 78 5 75 63 L5 37 709 59
1957 39 Ls 51 57 62 67 Th 78 70 62 b7 39 691 58
1958 37 L5 L8 56 63 70 76 79 TL 63 Lg 39 696 58
1959 37 L2 50 62 67 73 19 78 72 60 ko Lo 709 59
1960 36 L1 50 58 65 13 80 79 75 62 50 Lo 70959
1961 37 nn 51 57 6L 75 79 78 ] 58 L5 38 695 50
1962 35 40 L5 56 60 69 T 7 T3 6 53 L3 687 57
1963 36 Lo Lg 59 63 69 75 7 12 65 55 L6 706 59
1964 Ll 4s L kg 61 71 77 70 70 68 58 50 710 59
1965 50 ) 50 52 54 58 69 70 68 65 60 53 698 58
1966 ) L8 50 Sk 58 62 68 70 70 [ 58 18 598 58
Total - 960 1,068 1,224 1,486 1,582 1,735 1,907 1,912 1,792 1,555 1,236 1,028 17,436
Yean 39 b2 49 57 63 69 7 76 T2 62 Lo b1
*Incomplete record.
Table G
Temperature of water
Virgin River at Littlefield, Arizona
(Unit: °F.)
if‘“‘ Jan Feb Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total Mean
1;&8 &0* 51 4o 107
Lou L6 ko 52 58 63 71 72 70 68 62 52 48 711 59
1(’; 9 L2 46 55 €0 6l 72 72 69 68 61 Sl W7 710 59
\950 46 51 56 61 67 69 76 72 69 65 56 53 ™ &
R 49 5 58 66 66 10 73 72 66 6l 55 18 ik €2
15 L8 51 52 56 83 [33] T3 6 70 %5 55 51 727 61
105? 51 53 58 63 67 70 79 T4 70 62 57 kg 753 63
1ee Lg 54 55 63 69 70 76 76 73 63 56 L9 753 63
1922 18 by 55 61 65 69 73 75 yot 6 55 51 73k 61
5% 52 kg 58 66 68 68 71 70 70 65 56 54 LT 62
195% o 55 63 & 63 &0 Th 71 6 (3 52 L9 THT 68
155 48 52 51 54 63 69 71 Th 68 66 Sk 51 721 60
1565 50 51 57 67 69 72 77 Th 69 64 55 51 756 63
156 L8 52 58 63 67 70 72 76 77 68 58 52 761 63
% 53 59 64 71 77 81 81 79 71 68 58 52 81k €8
1563 53 52 57 65 71 T8 9 75 76 70 63 54 797 66
1360 51 €0 63 69 76 75 79 79 75 71 59 50 807 67
1565 Sh 56 61 66 70 76 81 79 75 T 57 55 gok 67
1966 56 57 62 €3 68 76 81 82 T 69 58 48 9k 66
Lo 52 60 6l 75 71 81 81 76 68 59 50 792 66
Veg. Total SL7 1,005 1,005 1,208 1,291 1,389 T,5h2  L,527 1,355 1,308 1,120 1,007 14,570
3 50 53 58 63 6 72 6 75 7 5 56 50 757 63
Incomplete recora.
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Table H
Temperature of water
Colorado River below Hoover Dam, Arizona-Nevada

(Unit:  °F.)
Year Jan Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total Mean
oM Bl &3 60 187
1942 57 56 55 55 56 58 59 60 61 €2 61 640
1943 57 55 55 56 56 56 57 58 59 & 63 é0 692 58
19hk 57 55 54 54 54 57 60 61 62 63* Gl 55% 696 58
1945 56* 55% 55* 56* 56* ST* 5T* 63* 65% 63% 56% 5T* 696 58*
o6 56% 55% Sk S4* 55% 55% 55% 55% 56% 56% S56% 5T* 6ok 55%
1947 56% 55% 55% 5k* 5ha 55% 55% 55% 67% 68% 66% 59* 699  56¢
1948 5T* 55% 55% 55% 55% 59* 61* 6% 63 63 56% Sk 695  56*
1949 Sh* 52% 5% 52% 52% 55% 60% 61* 63% 65% Gl 56% 686  5T*
1950 52% 52% 52% 52% 53* Sh* 61% 60* 55% 56% 56* 56% 659  55*%
1951 5T* 55% S5% 55% 55% 56% 56% 56% 56% 50% 5T* 5T* 671 56%
1952 55% 55% Sk Sh* 5h* 58% 63% Bl 65% 66% 66* 58% 712 59%
1953 55% 55% 55% 55% 56 S5T* 57* S5T* ST* 58% 56% 56% 618  S5T*
1954 56% 56% 56* 56% 56% 56% 56% 5T* 5T* 5T* 58% 56% 679  5T*
1955 5T* 55% 53* 53* 53* 5h* 56% 55* 56* 58% 58% 58% 666 S6*
1956 56% 55% S 53% 53% 55% 55% 55% 56% 56% SB* SB%* 6L 55*%
1957 56% 5h* 5k 5l 55% 56% 56% 56% 58% 59*% 60% 60* 678  5T*
1958 56% 56* 56% 55% 56% 56% 56% 56% 56% 56% 5T* 5T* 675  56*
1959 5T* 56% 56* 56% 56% 56% 56% 56% 56% 56% 56 56% 675  56¢
1960 5T* 55% 55% Sh* Sh¥* Sk Sk Sh¥ Sh* 5% 55% S55% 655  55*
1961 EE 55% Shx Sh* Sk 55% 55% 55% 55% 55% S5% 55% 657  55%
1962 55% Sk 53% 53% 53% 53% Shx 5hx Sh* 5h* 5h* 54 645 S
1963 5k* 5h* Sk Sk 5h* 56% S5T* S5T* S5T* 56% 56% 56% 665 S55*
1964 55% Sk 53% S55% 53* Shx 56% 56% 56% 56% 56% 56% 660  55%
1965 Sh* 5k 53* 53% 55% bl 59* 56% 5T* 56* 56% 56% 663  55*
1966 S56* 56* Sh¥ S54%* Sl Sk 55% 55% 5% Sl* 55*% S5% 657  55%
Total 1,305 1,369 1,396 1,356 1,38 1,390 1,367 1,833 L,b55 1,526 1,523 1,002 17,014
Average 5% 53% S5a% S2% S2% Sh 53% S5* 5 59* 58% 57* 655 55*
*Incomplete record.
Table I
Temperature of water
Colorado River below Perker Dam, Arizona-California
(Unit: °F.)
Year Jan Feb. Mar. Apr May June July Aug. Sept Oct. Nov . Dec. Total Mean
1954 56% 57 oL 71 Th 77 78 7 72 5 56 746
1955 L9 - 48 55 60 67 Th TT* 82 78 72 6k 57 783 65%
1956 5k 52 56 6L 69 75 7 79 8 T 62 53 793 66
1957 52 53 €0 6l 68 Th 78 80 8 73 63 Sk 79T 66
5955 52 57 59 64 71 73 77 79 78 h 64 57 805 67
195¢ 53 Sk 58- &5 TL T 9 79 T 71 [218 56 800 67
1960 51 52 57 65 66 & 68 75 T4 70 6k 53 763 6b
1 50 sl 58 65 71 T 76 79 76 71 61 53 788 66
;;‘“2 50% 53 56 65 68 72 T 76 76 73 65 59 788 66%
1963 51% 52 58 63 67 72 75 79 80 Th 66 56 793 66%
1964 50% 50 i [0 (38 T2 T 8 T6 T3 €5 55 HEA
2965 5k 55 57 69 72 76 78 s 72 65 55 791 66
1966 51 52 56 65 70 Th 76 T1 74 72 63 55 785 65
Total [SYEES 741 B29 BSE oL8 988 1,019 995 oL1 B30 719 10,211
Mean 51% 53% 57 64 69 73 T6* 78 76 72 63 55 787 66%
*Incomplete record.
Table J
Temperature of water
Colorado River at Imperial Dam, Arizona-California
i (Unit: °F.)
—ar Jan. Feb Mar. "Apr May June July Aug. Sept. Oct. Nov. Dec Total Mean
325 TR G 61 &7 7 BT BL N 137] T2 57 51 B2k 69
1?2% 53 59 6l 67 72 81 86 85 81 T 61 5h 83k 70
1o 52 57 60 67 77 80 8k 86 82 b 61 55 835 70
;%g 52 5l 60 69 Th 82 85 86 80 T2 & 5h 830 69
r— 54 54 62 68 Th 80 83 8l 81 72 61 53 826 69
5 52 56 &0 [23) 7L B 8L 86 79 70 58 53 B2l &8
1565 51 58 58 0 h 80 8k 8l4 83 T3% 6i 57 836 70
156, 51 58 62 67 75 79 8k 85 83 76 62 5k 836 70
1565 48 51 58 66 T2 8o 8l 86 80 75 63% 55 818 68
H— 5k 55 €0 68 T4 77 85 86 80 71 Elx 5h* 828 69
: 50 51 59 &8 o 8 8L 35 80 1% 63% 55% B 68
Meg, Totel 574 544 6EL L5 815 879 927 937 8ol 797 676 595 9,107 C
5 52 55 60 68 7h 80 8L 85 81 72 61 Sk 69
Incomplete record.
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PART VII. ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

In order to estimate the probable effect of the authorized or con-
templated developments on the quality of water at certain points along
the Colorado River, the developments have been separated into five in-
crements. By means of operation studies the estimated effects of each
increment can be shown at the pertinent stations. These results are
tabulated in Table No. 19 for the new period of record used in this re-
port. An additional station,"Colorado River above Parker Dam," was in-
cluded in the table only for purposes of clarification and maintaining

continuity in computations.

The increments are: (1) storage units of the Colorado River Stor-
age Project; (2) participating projects of the Colorado River Storage
Project and other miscellaneous developments; (3) San Juan-Chama Proj-
ect, Navajo Indian Irrigation Project, and Fryingpan-Arkansas Project;
(4) Lower Basin projects, and (5) current proposals.

Following is & discussion of the various projects comprising each
increment including a brief description of the physical conditions for
each development authorized or contemplated for authorization within
each increment and the anticipated effect of each increment on the qual-
ity of water at appropriate key stations. It should be recognized that
the acreages and depletions as listed could change with change of plans
on some of the contemplated projects. The figures presented are those
which were current at the time of writing this report.

The effects of all upstream developments are-carried on down to and
including Imperial Dam. :

A. Description of Projects

1. TIncrement No. 1--Storage Units of the Colorado
River Storage Project

Glen Canyon Unit.--The Glen Canyon Dam is located on the Colorado
River in Arizona I miles south of the Utah-Arizona boundary and 15
miles upstream from Lees Ferry. The bulk of the reservoir lies in
Utah. At a normal water surface elevation of 3,700 feet m.s.l., Lake
Powell would extend 186 river miles up the Colorado River and 71 miles
UP from the mouth of the San Juan River. River mile Tl on the San Juan
River is 133 river miles from Glen Canyon Dam. This 27,000,000-acre-
foot reservoir will regulate the flow of the river for compact delivery
Purposes and for power generation and thus permit exchanges for upstream
COI}Sumptive use of the water. Fish and wildlife conservation and recre-
ation will also be of major significance. Average annual reservoir losses

qar J g
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ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

Flaming Gorge Unit.--This storage unit is located on the Green
River in northeastern Utah and southwestern Wyoming. The primary pur-
poses of the Flaming Gorge Unit are the regulation and storage of flood
flows of the Green River and the generation of hydroelectric power. The
reservoir has a storage capacity of 3,789,000 acre-feet and average
annual reservoir losses of about 54,000 acre-feet. The stored water as-
sists in complying with the terms of the Colorado River Compact and will
by exchange furnish an irrigation supply for the participating projects
in the Upper Basin States. In addition there will be benefits from fish
and wildlife conservation and recreational facilities. Storage commenced
November 1, 1962, at Flaming Gorge Reservoilr, and from the records taken
immediately below the dam it appears that the outflowing water will be
nearly uniform in quality.

Navajo Unit.--The Navajo Dam and Reservoir are located on the San
Juan River in northwestern New Mexico and southwestern Colorado. Total
storage capacity of the reservoir is 1,709,000 acre-feet, and the reser-
voir evaporation losses are estimated to average 30,000 acre-feet annu-
ally. This reservoir regulates the flow of the river for irrigation of
the Hammond project, the Navajo Indian Irrigation Project, and for other
uses including by exchange potential uses above the reservoir and trans-
mountain diversions to the San Juan-Chama Project. It also helps regu-
late the flows of the Colorado River at Lees Ferry. Other purposes in-
clude recreation, sediment control, fish and wildlife propagation, and
flood control. Storage began July 1, 1962, and the effect on quality is
recorded at the Archuleta station below Navajo Dam.

Curecanti Unit.--Facilities of the Curecanti Unit, located in west-
central Colorado, include the Blue Mesa, Morrow Point, and Crystal Dams,
Reservoirs, and Powerplants. The primary purposes are regulation and
storage of flood flows of the Gunnison River and generation of hydro-
electric power. In addition benefits will be provided to recreation,
fish and wildlife conservation, and irrigation. The reservoirs of the
Curecanti Unit will help regulate the flows of the Coloradc ZRiver at
Lees Ferry. The storage capacity provided is 941,000 acre-feet at Blue
Mesa, 117,000 acre-feet at Morrow Point, and 27,000 acre-feet at Crys-
tal Reservoir with total reservoir evaporation losses estimated to aver-
age 15,000 acre-feet annually for all three units. Storage was initiated
late in 1965 at the Blue Mesa Reservoir and on January 2h, 1968, at the
forrow Point Reservoir. Construction has not yet been initiated on Crys-

al Dam.

It is expected that operation of the Curecanti Unit on the Gunnison
River will improve the quality of the Colorado River below Grand Junc-
tion during the late summer months.
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ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

2. Increment No. o.-Participating Projects
and Other Miscellaneous Projects

Seedskadee Project.--This multipurpose project is located adjacent
to and will divert water from the Green River in southwestern Wyoming to
irrigate about 58,775 acres of land. Municipal and industrial water,
recreation, and fish and wildlife protection are other purposes of the
project. A depletion of 165,000 acre-feet is anticipated when the proj-
ect is fully developed. Fontenelle Dam and Powerplant are now complete,
but irrigation of the project lands is awaiting results from the devel-

"~ opment farm now undergoing tests in the project area. The irrigation of

15,000 acres is in question until a determination has been made of the
effect the mining of trona will have on land subsidence and irrigation
development. The Seedskadee area has not been previously irrigated ex-
cept for the land in the experimental development farm so it affords an
opportunity to determine the effect irrigation has on water quality
under the given soil and Ccrop conditions.

Lyman Project.--This is & multipurpose project located in southwest-
ern Wyoming. Project facilities consist of two dams and reservoirs. One
will be located at the Meeks Cabin site on the Blacks Fork in Wyoming and
will provide 33,000 acre-feet of storage capacity. The other will be lo-
cated at the China Meadows site of the Fast Fork of Smith Fork in Utah
and will provide 13,000 acre-feet of storage capacity. The project will
have the primary purpose of providing supplemental water to L2,674 acres
of existing farmland along with fish and wildlife and recreation benefits.
~onstruction of Meeks Cabin Dam is now under way. This project will give
an opportunity to study the effect on quality of adding supplemental
water to lands already irrigated. The resulting new depletion will be
10,000 acre-feet. : '

Fmery County Project.--The Emery County project is located in east-
?mmral Utah and is multipurpose in scope. It will furnish a supplemental
irrigation water supply to 18,000 acres and a full supply tc 770 acres of
nﬁvland with a resulting new depletion of 17,000 acre-feet. The project
vill also benefit fish and wildlife and recreation. Storage at Joes Val-
ley and Huntington North Reservoirs was started in 1965. It has been
anticipated that the addition of supplemental water would improve the
Qality of water below the project in some months, but a period of actual
Operation will be required to determine the extent, if any, of such im-
Provement.

r Silt Project.--This project now completed is located along the Colo-
ado River in western Colorado and obtaing water from Rifle Creek and by
gm@ing from the Colorado River. Rifle Gap Reservoir will store 13,602
tre-feet. A full supply will be furnished to 2,400 acres of new land

Wd a supplemental supply to 4,160 acres.
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The water of Rifle Creek is shown by laboratory analysis to be of
good quality for irrigation. Return flows from irrigated lands are also
suitable for reuse on lower lands. The Cameo station shows the Colorado
River water to be of high quality throughout the year. The new annual

stream depletion is 6,000 acre-feet.

Fruitlend Mesa Project, Colorado.--This project is located in west-
ern Colorado in Gunnison River Basin. A 48,235 acre-foot storage reser-
voir on Soap Creek and diversion from Crystal and Curecanti Creeks would
provide water needed for 15,870 acres of newly irrigated land and T,000
acres of land now irrigated. Project uses will increase Colorado River

depletions by 28,000 acre-feet per year.

The project water for irrigation use has been determined by labora-

tory analysis to be of excellent quality. Likewise, most of the return

flow considered as part of the project water supply will be diluted with

higher quality direct flow.

Bostwick Park Project, Colorado.--This small project is located in
Montrose and Gunnison Counties in west-central Colorado. Storage regula-
tion will be provided by a 13,520-acre-foot reservoir on Cimarron Creek,
a tributary of the Gunnison River. Only 1,610 acres of new land will
be irrigated, and the increased depletion to the Colorado River will be
4,000 acre-feet. Some additional water will ©be provided to land now
irrigated. The water of Cimarron Creek has been determined by laboratory
analysis to be of good quality for irrigation. The Bostwick Park Project
is now under construction and is scheduled for completion in the latter

part of 1970.

Savery-Pot Hook Project, Colorado-Wyoming.--This project is located
in the Little Snake River Basin in southern Wyoming and northwestern
Colorado. The authorized project plan calls for construction of an
18,600-acre-foot capacity reservoir on Savery Creek and a 65,000 acre-
foot capacity reservoir on Slater Creek. This storage will make possible
the irrigation of 21,920 acres of new land and will provide supplemental

 water for land presently irrigated. Plan modifications are being con-

sidered in the definite plan studies now underway. Depletion of the
Little Snake River by the Savery-Pot Hook Project would amount to 38,000

acre-feet annually.

Central Utah Project (Bonneville Unit).--The Bonneville Unit will
include a transmountain diversion of water from the headwaters of the
Duchesne River in the Uinta Basin portion of the Colorado River Basin
to the Bonneville Basin. Related developments of local water sources
will be made in both basins. The project will develop water for irri-
gation, municipal and industrial use, and poOwer production. It will
also provide penefits to recreation, fish and wildlife, flood control,

water quality control, and area redevelopment.
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The net depletion to the Green River will be 166,000 acre-feet of
which 136,000 is depleted in the Bonneville Basin and the balance in the
Uinta Basin.

Central Utah Project (Upalco and Jensen Units).--The Upalco Unit
will be located in Duchesne County near Roosevelt, Utah. The plan of
development is primarily to provide supplemental irrigation water for In-
dian and non-Indian lands along Lake Fork River and to enhance recreation,
fish, and wildlife while maintaining flood control. The mean annual
stream depletion is estimated to be about 10,000 acre-feet.

The Jensen Unit will be located along the Green River east of Ver-
nal in Uintah County in Uinta Basin, Utah. Storage of water in Tyzack Res-
ervoir on Brush Creek together with pumping from the Green River will sup-
ply 440 acres of new land and 3,6L0 acres of presently irrigated lands.
Approximately 18,000 acre-feet of water is anticipated to be used for mu-
nicipal and industrial purposes.

Denver, Englewood, Colorado Springs, and Pueblo, Colorado.--Expan-
sion of municipal supplies for these four cities will eventually deplete
the Colorado River by 234,000 acre-feet above present uses. These are
transmountain diversions from the Blue, Fraser, and Eagle Rivers in the
headwaters of the Colorado River. The diversions would vary according to
runoff each year.

M&I Green Mountain.--Water stored in Green Mountain Reservoir will
be released for industrial use in the vicinity of Kremmling, Colorado,
and in Garfield County, Colorado. This depletion will ultimately be
about 12,000 acre-feet.

Expansion Hogback.--This direct diversion to Indian lands adjacent
to the San Juan River will result in a new depletion of about 10,000 acre-
feet annually.. These lands, in the vicinity of Shiprock, New Mexico, have
been developed in small blocks by the Bureau of Indian Affairs over a pe-
riod of years with further expansion planned for the future. The seepage
and return flows return direct to the San Juan River, but the quality of
these flows has not been determined. :

Homestake Project, Colorado.--The Homestake Project in Colorado,
under construction by the cities of Aurora and Colorado Springs, will
divert an average of T4,000 acre-feet annually to the eastern slope from
the headwaters of the Colorado River. These diversions will vary from
& low of 50,200 acre-feet to a high of 108,400 acre-feet in a period simi-
lar to the 1941 to 1966 period.

Private Industrial Developments.--A number of private industrial de-
v'ez‘Lopments either under construction or contemmlated will result in cer-
aln depletions and will have some effect on water quality.
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(1) Industrial developments in southwestern Wyoming,
including Westvaco and the Utah Power & Light Company 's
steam electric powerplant at Kemmerer, will consumptively
use another 36,000 acre-feet when fully developed.

(2) The Hayden Steamplant in Colorado now using 4,000
scre-feet will eventually require 16,000 acre-feet.

(3) In northwestern New Mexico a large steam electric
powerplant which has been partially completed by Utah Con-
struction Company for the Navajo Indian Tribe and the Ari-
zona, Power Authority is now using 15,000 acre-feet out of
an estimated 40,000 acre-feet when the plant is complete.

Independence Pass Expansion.--This development consists of enlarg-
ing and lining an existing collection system on the western slope in

Colorado with provisions for winter operation. The water will be col-

lected from the headwaters of Roaring Fork for transmountain diversion
to the Colorado River

to the Arkansas River Basin. The new depletion
will be about 14,000 acre-feet annually with possible storage in en-

larged Twin Lakes Reservoir.

3. Increment No. 3

San Juan-Chama Project.--ConStruction is underway on this transmoun-
tain diversion project with delivery of water to the Rio Grande Basin ex-
pected to be initiated in 1971. The project will divert an average of
110,000 acre-feet annually from the headwaters of the San Juan River
across the Continental Divide to the Rio Grande Basin. The effect of
this depletion on the Colorado River will be that some dissolved solids
will be transported out of the basin and less high quality water will
be available downstream for dilution of lower quality water.

The water will be used in New Mexico for municipal and industrial

developments and for irrigation.

n Project.--Construction activities are under-
way on this project, but completion of construction and delivery of water

are several years away. The direct diversion of 508,000 acre-feet of
1o Reservoir to 110,000 acres of lands south

water annually from the Nava]
of the San Juan River is contemplated. None of these lands is presently

irrigated and the effect of irrigation on the quality and quantity of re-
turn flow is difficult to predict.

Navajo Indian Irrigatio

There will be times under ultimate basin development when the San

Juaalfl'Va.ZLley lands below Farmington, New Mexico, will be dependent largely
“POH return flows for their supply of irrigation water. There is very
little data upon which to base estimates of the quality of the return
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ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

flow. Miscellaneous records from the San Juan, Animas, and La Plata
Rivers indicate some periods of low flow produce water of questionable
quality, especially from the La Plata River system where some of the
lands are known to be of marine origin. Practically all of the lands in
the Navajo Indian Irrigation Project which would contribute return flow
at the Hogback, however, are of fresh water origin with low salinity
and alkalinity as determined by soil borings. To ascertain the quality
of return flow with any degree of certainty, additional field data will
be necessary prior to completion of definite plan investigations. The
estimated depletion is 250,000 acre-feet annually.

Fryingpan-Arkansas Project.--Construction is underway on this proj
ect, and initial storage was scheduled for spring of 1968. This trans-

‘mountain diversion project will transfer water from the headwaters of

the Colorado to the Arkansas River. Tt is a multipurpose development
to supply supplemental irrigation water, municipal water, and water for
power production. In addition the project will also control floods
originating above Pueblo, retain sediment, preserve fish and wildlife,
and provide recreation opportunities. The average annual depletion will
be 70,000 acre-feet, including 1,000 acre-feet of evaporation from the
Ruedi Reservoir on the west slope.

4. Increment No. 4--Lower Basin Projects

Dixie Project, Utah.--The recently authorized Dixie Project will,
through construction of multipurpose dams on the Virgin and Santa Clara
Rivers, provide a full water supply to 6,900 acres of new land and a
supplemental water supply to 10,000 acres of existing irrigated land.
About 5,000 acre-feet of municipal and industrial water will be pro-
vided to the city of St. George. Cedar City, Utah, can also exercise
an existing agreement to divert up to 8,000 acre-feet of water out of
the basin from upper tributaries.

- A principal concern of the downstream users in Arizona and Nevada
will be in regard to the effect of project operations on water quality
and the amount of flood waters available for leaching purposes. In this
Tegard the effect of the highly mineralized LaVerkin Springs, which
enter the river above the proposed Virgin River Dam, is of considerable
importance.

The estimated increased depletion of the Virgin River due to total
Egﬁect development will be 48,000 acre-feet per year. Disposal of the
.ters of the IaVerkin Springs would increase the estimated annual deple-
10n by the quantity of water removed from the river system. The average
8mual flow of the Virgin River at Littlefield under present conditions
sed on January 1941 through December 1966 records is 154,000 acre-feet.
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Southern Nevada Water Project, Nevada.--The recently authorized
Southern Nevada Water Project, now under construction, will provide sup-
plemental municipal and industrial water to the cities of Las Vegas, North
las Vegas, Henderson, and Boulder City and to Nellis Air Force Base. It
will also provide water to the potential Eldorado Valley development.

In the ultimate stage of development of the project, the -egtimated
total annual diversions from Lake Mead by the existing Boulder ity and
Basic Management, Incorporated, water systems will be 52,000 acre-feet.
The estimated total annual diversions by the project will be 328,000
acre-feet, giving a total ultimate annual diversion from Lake Mead to
the project area of 380,000 acre-feet.

The estimated net annual depletion due to the project and existing
systems will total 262,000 acre-feet, allowing for creditable return
flows of 118,000 acre-feet. The annual depletion by the existing systems
in 1966 was 9,000 acre-feet. Thus, the additional annual depletion due
to the project and existing systems will be 253,000 acre-feet.

A portion of the Southern Nevada Water Project allotment of 262,000
acre-feet will be used by the Southern California Edison Company by di-
verting 30,000 acre-feet annually from the Colorado River for thermal
power production purposes at a site about 3 miles downstream from Davis
Dam. Use of this water until July 1, 2006, by the Southern California
Edison Company is in accordance with two contracts--one with the State
of Nevada and the Southern California Edison Company and one with the
Buresu of Reclamation and the State of Nevada. This depletion is in-
cluded in the depletion anticipated for the Southern Nevada Water Proj-
ect and would not cause an additional depletion.

Fort Mohave Indian Reservation.--The Fort Mohave Indian Reservation,
located below Davis Dam, is allocated water by the Supreme Court Decree
to irrigate 18,9714 acres of land in Arizona, California, and Nevada with
& maximum annual diversion from the Colorado River of 122,648 acre-feet.
The consumptive use required for irrigation of these lands 1s estimated
to be 4 gere-feet per acre, which would result in main-stream depletion
of about 76,000 acre-feet anmually. The Bureau of Indian Affairs reports
that g major portion of this reservation is under development contract.

Chemehuevi Indian Reservation.--The Chemehuevi Indian Reservation,
t°¢§ted above Parker Dam, is allocated water by the Supreme Court Decree
v° irrigate 1,900 acres of land in California with a maximum annual di-
€r'sion from the main stream of the Colorado River of 11 ,340 acre-feet.
toe consumptive use required for irrigation of these lands is estimated

i be 4 acre-feet per acre, which would result in a main-stream deple-
on of about 7,000 acre-feet annually. Full development of this reser-
tion is expected by 1990.

13
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ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

Lower Colorado River Indian Reservation.--The Lower Colorado Indian
Reservation is located along the Colorado River Jjust below Parker Dam,
Arizona, with most of the jand in Arizona and the remainder in Califor-
pia. The Supreme Court Decree allocated 717,148 acre-feet of diversions
to the Colorado River Indian Reservation for irrigation of 107,588 acres |
of land. The consumptive use required for irrigation of these: lands is
estimated to be 4 acre-feet per acre, which would result in a¥ annual
mein stream depletion of 430,352 acre-feet. The consumptive.mee in 1966
from irrigation of 36,919 acres was 201,966 acre-feet. This leaves an
sdditional depletion of about 229,000 acre-feet per year for future devel-

opments.

Central Arizona Project.--The Colorado River Basin Project Act author-
izes the Central Arizona Project for the purposes of furnishing irrigation
and municipal water supplies to the water deficient areas of Arizona and
western New Mexico through direct diversion or exchange of water. This
project will provide a supplemental water supply to lands now being irri-
gated. Water will be made available only to lands having a recent irri-
gation history. The Central Arizona Project must stand any shortages
that would occur if the Colorado River Compact requirement of 7.5 million '
acre-feet per year cannot be made available for use from the main stream o
in the United States below Lee Ferry. When shortages occur, diversions
to the Central Arizona Project will be 1imited to assure California water
users 4.4 million acre-feet of main stream water. Assuming the first
four increments in operation and Increment 5 not in operation, the Cen-
tral Arizona Project would receive 1,321,000 acre-feet under the average
present modified flow conditions for the period 1941-66. With all five
increments in operation the Central Arizona Project supply would be re-
duced by 676,000 acre-feet.

Lower Colorado River Channelization Project, Arizona-California.--
The Lower Colorado River channelization program will effect the salvage
of substantial quantities of water along the Lower Colorado River for
beneficial use. This project was authorized under the Colorado River
Front Work and Levee System. The basic plan involves complete channel-
ization and bank stabilization of the Lower Colorado River from Davis

" Dam to the southerly International Boundary. Channelization by dredg-

ing is specified in most cases where the river is aggrading. Bank sta-
bilization is recommended for the river reaches when degradation is in
progress except where channel alignment requires improvement.

Water salvage will be accomplished by reducing waste and uneconomic
uses of water from side channels, ponds, and swamps and by improved
drainage, together with a redquction in direct channel losses by improved

conveyance characteristics.

The project is divided into nine separate divisions. However, only
those reaches upstream from Imperial Dam are considered in this analysis. i

Th




ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENT'S

The channelization work for the Mohave Valley Division was completed in

1960 and its effect on the flow at downstream measuring geges 1is reflected

in present modified flows. Part of the salvage previously estimated for

the Topock Gorge Division has been accomplished by the channelization work

in the lower part of the Mohave Valley Division. The remaining salvage ;
upstream from Parker Dam anticipated for the Topock Gorge Diyision would

be 28,000 acre-feet annually. Tt is estimpted that channelization in the '
Parker, Palo Verde, Cibola, and Imperial Divisions between Parker and

Imperial Dams would salvage 85,000 acre-feet annually. Total additional

annual salvage upstream from Imperial Dam would thus be 113,000 acre-feet.

Additional water salvage would occur through phreatophyte eradica-
tion and control. Of the 100,000 acre-feet possible in the Lower Colorado
River Basin, 88,000 acre-feet would be above Imperial Dem. Approximately
59,000 acre-feet would be above Parker Dam, and 29,000 acre-feet would be
between Parker and Imperial Dams. The combined annual salvage above
Parker Dam from the channelization and phreatophyte eradication and con-
trol programs would be 87,000 acre-feet. Between Parker and Imperial
Dams the salvage from the combined programs would be 114,000 acre-feet. ,
The total salvage above Imperial Dam is 201,000 acre-feet. : 1o

5. Increment No. 5--Current Proposals

The current proposals include a number of irrigation and M&I proj-
ects that are either not authorized, very recently authorized, or the
time of development is not certain. These projects are all above Lees
Ferry and would permit the Upper Basin to more nearly utilize its share
of Colorado River water. The plans of development and the depletions are
subject to change for most of these proposals.

Four County, Coloredo.--This non-Federal development, as proposed,
would divert LO,000 acre-feet of water through the Continental Divide
for use in Colorado. The water would be transported from the headwaters i
of the Yampa River through Rabbit Fars Pass to the North Platte Basin,
from which basin an equivalent amount of water would be directed by ex-
change over Willow Creek Pass into the Colorado River drainage, thence
by transbasin diversion to Lafayette, Erie, Broomfield, Brighton, Thorn-

ton, and Ft. Lupton.

Uinteh Unit, Utah.--The Uintah Unit of Central Utah Project will
Provide supplemental water and also a supply for 7,800 acres of new lands
on the south slope of the Uinta Mountains in the Uinta and Whiterocks
River drainage areas. The new annual depletion will be about 31,000 acre-
feet, affecting the Duchesne, Green, and Colorado Rivers.

Dolores Project, Colorado.--The Dolores Project will divert water
from The Dolores River Basin to the San Juan drainage for the irrigation
Of 61,000 acres. Some 32,000 acres will be new land, the remaining
29,000 acres of land are now receiving a partial supply. This project

(&
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ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

will deplete the flow of the Colorado River at Lee Ferry by about 87,000
acre-feet. '

Return flows from lands in the Montezuma Valley are presently used
for irrigation of land in McElmo Canyon outside the project area.-:Anal-
yses show these flows have relatively high concentrations of soluble
salts. They are successfully used for irrigation, however, because of
internal drainage ‘characteristics of the soils. The salt concentration
of these flows is not expected to increase with project development.

San Miguel Project, Colorado.--The San Miguel Project will regulate
flows of the San Miguel River for irrigation, municipal and industrial
use, recreation, flood control, and fish and wildlife conservation. The
project will supply water to 26,000 acres of new land and 12,500 acres

of land now receiving a partial supply. Depletion of the Colorado River
will be about 85,000 acre-feet.

Dallas Creek Project, Colorado.--The Dallas Creek Project will de-
velop water of the Uncompahgre River and tributaries for irrigation and
municipal and industrial use. The project will provide water for 15,000
acres of new land and supplemental water for 13,700 acres of land pres-

ently irrigated. Depletion of the Colorado River will amount to 37,000
acre-feet annually.

The project water supplies will be suitable in quality for irriga-
tion and for municipal and industrial uses as well.

M&I--Ruedi Reservoir, Colorado.--Storage rights in Ruedi Reservoir
would permit the use of 40,000 acre-feet for oil shale development along
the Colorado River in Colorado. The water would be supplied to Ruedi
Reservoir from the Fryingpan River and then released through natural
channels to the points of use in the oil shale areas. A possible future
alternative use for all or part of this water would be for irrigation
burposes.

Animas-La Plata Project, Colorado-New Mexico.--The Animas-La Plata
Project will develop flows of the Animas and La Plata River systems for
irrigation, municipal and industrial use, recreation, and fish and wild-
life conservation. The project will supply water to 46,500 acres of new
land and 25,600 acres of presently irrigated land. The new land Wlllount
include 17,200 acres of Indian land. The total new depletion will ag;ms,
o nearly 146,000 acre-feet. Project features include four storége
1engthy canals, and several diversion dams.

not
. . tion Vill ]
Preliminary water quality studies indicate that 1rrlgareturn flow

Present any particular quality problem, and the additigsen .
& the state line may be somewhat improved over the P¥
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Cheyenne, Wyoming.--The city of Cheyenne diverts water from the Lit-
tle Snake River to a tributary of the North Platte in exchange for water
diverted from Douglas Creek for minicipal use by the city of Cheyenne.
This transmountain diversion is now using about 9,000 acre-feet and will
ultimately deplete the Colorado River by an additional 22,000 acre-feet.

Resources, Incorporated, Utah.--Resources, Incorporatedogngposes to
construct & large powerplant in Utah near Lake Powell using coak-from the
Kaiparowits Plateau for fuel and water from Iake Powell for plamt opera-
tion. The expected annual depletion to the Colorado River would be
102,000 acre-feet, based on the company's application to the State of
Utah for that much water. The exact date of this depletion is not known

at present.

M&I in Arizona.--The Upper Colorado River Compact allocated 50,000
acre-feet to Arizona from the Upper Colorado River system and of that
amount about 11,000 acre-feet is presently being used.

The remaining 39,000 acre-feet will be used in that portion of
Arizona within the Upper Basin and would be diverted above Lees Ferry.
The specific areas and uses are not known at present.

West Divide Project, Colorado.--The West Divide Project will provide
115,600 acre-feet of water for irrigation and 77,500 acre-feet for munici-
pal and industrial use. The irrigation water will supply nearly 19,000
acres of new land and a supplemental supply to 21,000 acres of land pres-
ently irrigated. The new depletion of Colorado River water will be 76,000
acre-feet annually. Project water will be obtained from a series of Colo-
rado River tributaries south of the river in west-central Colorado with
most of the storage planned for the 105,000-acre-foot Placita Reservoir.

B. Incremental Effects

1. Increment No. 1

. The anticipated effect of the four storage units (Curecanti, Flam-
ing Gorge, Glen Canyon, and Navajo) is shown in Table 19.

In the January 1967 report, future anticipated reservoir operations
Were included as part of the effects at downstream stations. In this
Iresent report it was assumed there would be no net future reservoir
thanges over the 26-year period to affect downstream stations. Future
®vaporation was the only reservoir effect considered.

& The effects of the storage units have been partly accounted for in
fm historical and present modified tebulations because storage began in
962, 1963, and 1965. The initial impoundment of storage in the reser-

;girs of the Colorado River Storage Project 1s partially offset by
eater drafts on Lake Mead storage than would otherwise have been made.

7
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ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

The remaining incremental effects of the storage units were deter-
mined by adding the total impoundment at the end of 1966, averaged over
the 26 years, to the present 1966 annual evaporation losses from these
reservoirs and reducing this by the estimated future average annual
reservoir evaporation.

The result is an average annual gain of 239,000 acre-feet-as the net
effect over estimates of present modified flows of the future eperations
of the Colorado River Storage Project units. Similar computations, in-
cluding effects of upstream reservoirs, were made for the Lower Basin
reservoirs--Lake Mead, Lake Mohave, and Lake Havasu.

2. Increment No. 2

The effects under Increment No. 2 include: depletions from miscel-
laneous projects, & minor amount of evaporation from participating proj-
ect reservoirs, transmountain diversions, participating project deple-
tions, and the effect of irrigation under salt balance conditions and
with an assumed pickup of 2 tons per acre on the new irrigated lands. Al-
though the range of pickup from zero to 2 tons has been assumed for these
studies, the assumption appears to be substantiated by developments on
the Eden, Florida, and other projects. Further, more detailed studies
will be made to develop better estimates of the yield of salts from irri-
gation projects.

The effect of Seedskadee irrigation project on water passing the
Green River, Wyoming, gage would be an increase in concentration from
0.43 to 0.49 ton per acre-foot if no dissolved solids are leached from
the land; and if 2 tons per acre are picked up, the concentration would
increase to 0.60 ton per acre-foot. ' '

Moving on down the Green River to the Greendale gage, with the Flam-
ing Gorge Reservoir in operation, the Seedskadee and Lyman irrigation
projects and industrial developments, including the Utah Power & Light
Company steamplant, would increase the concentration by 0.09 ton per
acre-foot to 0.66 ton per acre-foot if no dissolved solids are picked up
and to 0.74 ton per acre-foot if 2 tons per acre are picked up.

The Duchesne River near Randlett would be affected mostly by the
transmountain diversions to the Central Utah Project, and with zero
?iCkup the concentration would increase from 0.97 to 1.58 tons per acre-

oot .

The Green River near Ouray, Utah, and the Green River at Green
RiVer, Utah, stations are both affected by the same upstream develop-
m?nts. The concentration would increase by 0.07 and 0.06, respectively,
;}th no pickup and 0.11 and 0.12, respectively. with 2 tons per acre of

lckup.
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The San Rafael River near Green River, Utah, is affected by the
Emery County Project, with concentrations in tons per acre-foot increas-
ing from 2.21 for present modified conditions to 2.69 with no pickup and

2.71 with 2-ton per acre pickup.

The flow past the Glenwood Springs gage on the Colorado River is af-
fected by transmountain diversions to Denver, Englewood, Coloradeo Springs,
Pueblo, and Aurora, Colorado, and by the M&I Green Mountain demaniis.

These depletions would increase the dissolved-solids concentration at
Glenwood Springs by 0.09 ton per acre-foot under either condition of

pickup.

The same depletions as those for the Glenwood Springs station with
the addition of Silt Project would affect the Cameo gage flow. These de-
pletions would increase the dissolved-solids concentration at Cameo by
0.07 ton per acre-foot under either condition of pickup.

On the Gunnison River near Grand Junction with the Curecanti Unit in
operation the concentration would be affected by the Fruitland Mesa and
Bostwick Park Projects, resulting in a 0.02-ton per acre-foot increase
with no pickup and a 0.0L4 increase with 2-ton per acre pickup.

The Colorado River near Cisco gage is affected by the east slope di-
versions and by the M&I Green Mountain, Silt, Fruitlend Mesa, and Bostwick
Park Projects. These transmountain diversions and inbasin projects in-
crease the concentrations from 0.88 to 0.94 ton per acre-foot with no
pickup and to 0.95 with 2-ton per acre pickup.

The San Juan River near Bluff gage 1is affected by the Expansion Hog-
back and Utah Construction Company depletions. These depletions result
in a 0.02-ton per acre-foot increase.

The total depletions of Increment No. 2 increase the concentration
at Lees Ferry from 0.80 to 0.86 ton per acre-foot with no pickup, and
with 2 tons of pickup the concentration increases from 0.80 to 0.88 ton
per acre-foot. :

The sizable depletions of this increment have somewhat the same ef-
fect at Grand Canyon and Hoover as they do at Lees Ferry, but the de-
crease in the available water at Parker and Tmperial Dams results in
increases in concentrations at Imperial of 0.1l ton per acre-foot with
no pickup and 0.14 with a 2-ton per acre pickup, or a total of 1.27 tons
ber acre-foot.

3. Increment No. 3

Tncrement No. 3 is composed of the San Juan-Chama transmountain di-
Versions, the Navajo Indian Irrigation Project, which constitutes the

9
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largest new irrigation project within the Upper Colorado River Basin, and
the Fryingpan-Arkansas Project.

The Fryingpan-Arkansas Project is a transmountain diversion project ! .Tj%
increasing the concentration of the river at the Cameo gage by 0.02 ton ; s
per acre-foot. o
Tentri

At Bluff the San Juan River is affected by the return flows fpem the
Navejo Indian Irrigation Project, showing an increase in concentration
from 0.64 to 0.81 ton per acre-foot with no pickup and to 1.00 ton with

2 tons of pickup.

The effect of Increment No. 3 at the Iees Ferry gage is to increase
the concentration by 0.06 ton per acre-foot both with no pickup and with
the assumed pickup of 2 tons per acre.

4. TIncrement No. b

This increment includes depletions for the Dixie, Southern Neveda
Water, and Central Arizona Projects; development of Indian lands on the
Fort Mohave, Chemehuevi, and Colorado River Indian Reservations; a de-
crease in diversions through the Colorado River Agueduct by the Metro-
politan Water District; and increases to the water supply resulting from
salvage by channelization and phreatophyte control of the Lower Colorado
River. '

The Dixie Project will affect the Virgin River at Littlefield. The
Dixie and Southern Nevada Water Projects will affect the river from
Hoover Dam and downstream. The flows entering Lake Havasu will be
changed by the Dixie and Southern Nevada Water Projects by development
of the Fort Mohave and Chemehuevi Indian Reservations and by the annual
salvage of 87,000 acre-feet which will result from salvage of 28,000
acre-feet by the river channelization program and 59,000 acre-feet by !
the phreatophyte eradication and control program. Flows below Parker
Dam will be affected by the above-listed projects and diversions for the
Central Arizona Project. With the Central Arizona Project, diversions to
the Metropolitan Water District will be limited to 550,000 acre-feet.
Flows arriving at Imperial Dam will reflect the changes at Parker Dam,
additional development of the Colorado River Indian Reservation, and
additional salvage. In this section of the river an annual salvage of
114,000 acre-feet would be accomplished by salvaging 85,000 acre-feet
by the river channelization control program and by salvaging 29,000 acre-
feet by the phreatophyte eradication and control program.

. The Dixie and Southern Nevada Water Projects will cause an estimated
]PCrease in the concentrations at Hoover Dam by 0.04 ton per acre-foot
;?%izero pickup and 0.0k ton per acre-foot with 2 tons per acre of

Ckup.




cause an increase in the concentrations of inflow to Lake Havasu by i
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The Dixie and Southern Nevada Water Projects, the Fort Mohave and
Chemehuevi Indian Reservations, and the water salvage programs would

0.04 ton per acre-foot with zero pickup and by 0.05 ton per acre-foot
with 2 tons per acre of pickup.

The above projects plus the changes in diversions to the"ééntfal
Arizona Project, assuming the use of water from Increment No. 5,would

_ cause an increase in the concentrations at the station below Parker Dam

by 0.04 ton per acre-foot with no pickup and 0.05 ton per acre-foot
with 2 tons per acre of pickup.

Additional increases in the concentration of salts at Imperial Dem
will be caused by the above projects and from development on the Colo-
rado River Indian Reservation and from additional water salvage.

An increase of 0.10 ton per acre-foot with zero pickup and 0.1k4 G QL
ton per acre-foot with 2 tons per acre pickup is indicated at Imperial ol
Dam. In these calculations it was assumed that the Central Arizona
Project would make temporary use of Increment No. 5 water.

5. Increment No. 5

This increment, consisting of nearly 700,000 acre-feet of addi-
tional depletions, results in further increases in concentration at
various points in the system.

The Uintah Unit, with no pickup of salt, increases the concentra-
tion at the Duchesne River near Randlett, Utah, station from 1.58 tons
per acre-foot to 1.81 tons per acre-foot and, with pickup from 7,800
acres of new irrigated land, increases the concentration to 1.89 tons
Per acre-foot.

The combined effect of M&I uses from Ruedi Reservoir, West Divide,
Dallas Creek, Dolores, and San Miguel Projects increases the Cisco con-
tentration by 0.08 without pickup and by 0.1l with pickup. The Dolores

oject, however, is a transbasin diversion, resulting in a depletion
8 the Cisco gage, with return flows affecting the Bluff gage, since the
Project lands are in the San Juan drainage.

% The Animas-La Plata and Dolores Projects combined increase the
Neentration at Bluff from 0.81 to 0.91 without pickup and from 1.00 to
25 tons per acre-foot with pickup.

nthIncrément No. 5 increases the concentration at Imperial Dam to 1.51

Dy no pickup and to 1.65 tons per acre-foot with a pickup of 2 tons

%mere, This is the result of use of the water by all listed projects
¢ Imperial Dam.
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A. Suitability for Irrigation

Irrigation has been practiced in many areas in the Coloradenger
Basin for nearly & hundred years; and as long as adequate drainage has
been provided, either natural or artificial, there has been little, loss
of productivity through salinization and alkalinity of the soils. While
early irrigation began without particular regard to water quality, this
now is an important consideration, and on all projects the quality of
the water is studied in relation to the soil on which it is to be used.

No rigid limits of salinity have been set for irrigation waters
within the basin and none seem advisable under varying soils and crop-
ping conditions encountered. It will always be necessary to evaluate
water quality in light of soil conditions as well as cropping patterns

and irrigation practices.

The Colorado River accumulates an increasing mineral content both
from natural sources and irrigation uses as it moves downstream from its
headwaters. Despite these increases the water is still suitable for irri-
gation in the lower reaches of the basin. Proper irrigation practices
including drainage are stipulated requirements in order for irrigation to
be successful. Many crops will not flourish when subjected to a high
wter table regardless of salt content, so drainage serves a twofold pur-

Pose on irrigated lands.

B. Suitability for Industrial Use

The Colorado River water has not been widely used for industrial pur-
Mses within the basin but extensive use has been made of this water from
Yransmountain diversions outside the basin, and wherever used it has proved

8enerslly satisfactory.

h One primary requirement for industries is that the concentration of

e various constituents remains relatively constant. Once a particular
ustrigl process is started and the water treatment has been determined,
fluctuation in quality requires continued attention and expense. Snow-

»tet runoff streams are subject to seasonal changes in quality. Storage

- Y8ervoirs level out the seasonal changes in quality and, with a greater

t of storage now available in the basin, the possibilities for in-

rial use are now much greater.

3 ..

The quality of water required for industrial use varies widely for
Wany purposes to which water is put, and within any industrial plant
® may have several functions.
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Cooling is the largest single use of industrial water supplies in
the Colorado River Basin, ranging in different areas from 57 percent to
80 percent of the total requirement. Recirculatory cooling systems are
the prevalent type owing to the need to economize on water use. Unless
specially constructed of corrosion-resistant material, such systems are
limited in their tolerance of salinity. Limits of reasonable practice \
are about 2,000 to 3,000 mg./L of TDS in the Southwestern Statesi: Salt
concentrations are held within these limits by blowdown (discharging
part of the coolant to waste) and by makeup with fresh water. Blowdown
is a function of the mineral quality of the water supply, and the more
saline the supply, the greater the volume of makeup needed. Use of min-
eralized water also requires treatment or conditioning to inhibit scale
formation and corrosion.

Similar considerations apply to use of mineralized water in low-
pressure shell boiler systems, the type commonly found in manufacturing
plants. Penalty costs are associated with a saline makeup water, owing
to the need to use more of it and to treat the incremental amount. In
addition, makeup water high in the dissolved mineral ions causing hard-
ness (mainly calcium and magnesium) must be softened. The harder the
vater, the higher the cost of softening.

The yearly summary of ions at the various quality stations as shown
beginning with Table 21 provides data that can be used with industrial
vater quality criteria to evaluate the water for the particular purposes
of certain industries. This information is also available on a monthly
basis for the 1941-66 period in supporting data to this report.

C. Suitability for Domestic Use

One purpose of these quality of water studies is to determine the
Suitability of Colorado River water for domestic purposes in the various
areas where it is used or proposed to be used. This would include esti-
lating the effects of additional developments and evaluating the suita-
bility above and below present irrigation and industrial developments.

The quantity of water used at present for domestic purposes within
the Upper Basin is small compared +to irrigation uses. It is estimated
t§at more domestic water is exported out of the basin than is used
V}thin the basin, and this generally is good quality water from the
bhigher elevations.

Most of the authorizing reports prepared for Federal projects evalu-

&e the quality of water for domestic use along with irrigation, and in

y instances domestic water is being provided by the project for munic-

1pa) use. In other cases storage space is allocated for future domestic
Use. It is also expected +that some project water now intended for
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irrigation use will eventually be used for domestic purposes as the popu-
lation increases.

Storage usually improves surface water supplies for domestic use by
providing water of more uniform quality and by reducing sediment and tur-
bidity. The results are applicable to irrigation, domestie; or indus-
trial uses with respect to dissolved-solids concentration....s0n the other
hand storage sometimes degrades mineral quality slightly, owing to loss
of water by reservoir surface evaporation, thereby increasing the concen-

tration of dissolved mineral solids.

Under the conditions expected with the developments now authorized,
the storage water will be suitable for domestic use in most cases, and
with a few exceptions, such as the San Rafael River below Emery County
Project, the return flows diluted with natural runoff will also be satis-

factory.

The Metropolitan Water District of Southern California has obtained
a portion of its water supply for municipal and industrial use by pump-
ing Colorado River water from Lake Havasu since Jamuary T, 1939. The
quantity pumped increased gradually to a total of about 1,146,000 acre-
feet in 1966. The quality of the water has always been suitable with
appropriate treatment for domestic and industrial use in the southern
California area. The raw water does require softening. Hardness is
reduced over 60 percent in the Weymouth treatment plant from a natural
hardness around 330 p.p.m. to a finished water hardness of about 125
p.p.m. The scale of the operation is so large that small increases in

hardness affect water treatment costs appreciably.

Many quality studies have been performed outside the scope of this
PTQgram. The results of those studies and analyses were available for
this study and have been included when pertinent. For the Central Utah
Project, chemical analyses of more than 1,200 water samples taken at
a-T}Out 100 collection points have been used to determine quality condi-
tions within the project area for both domestic and irrigation uses.

Domestic uses in the future will become more importent and water
Qality more critical both within and outside the basin area. The
%ﬁﬂ%mt data collection program will likely be continued, some sta-

ons may be added, and some monitoring will be required.
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PART IX. SALINITY CONTROL

A. Identification of Sources

The sources of salinity can be divided into (1) natural sodrces and
(2) man-caused sources. The natural source of salinity consistgnof that
from springs, wells, high salinity streams, and general precipitstion
and percolation. These have been mentioned in Part V, "Basic Studies.”
The man-caused sources consist of irrigated and drained lands, mining
and drilling, and municipal and industrial wastes.

B. Control Measures

The control of salinity can be accomplished in two ways: (1) by di-
lution (water supply increase) and (2) salt load reduction (desaliniza-

tion).

Under water supply increase, several methods can be considered.
These are as follows: (a) import of high quality water; (b) weather
modification; (c) conservation of water by such means as reducing non-
beneficial evapotranspiration including phreatophyte control, reducing
reservoir and lake evaporation, improving farm efficiency, reducing ir-
rigated acreages; and (d) controlling future development.

Salt load reductions may be accomplished by (&) plugging or sealing
major salt-contributing springs, wells, or stream sources; (b) control-
ling salinity from irrigated lands by elimination of high salt-producing
areas, decreasing flow paths of return flows, avoiding contact of heavy
salt-producing areas with discharges, exporting or evaporating high sa-

linity return flows, reducing ground water pumpage of high salinity water,

and reducing seepage losses from conveyance facilities; (c) discharging
high salinity municipal and industrial flow into evaporation ponds or
basins or injecting into deep geologic formation; (d) constructing and
operating desalinization plants if feasible methods are found.

Many engineering, economic, legal, and other problems of salinity
control, together with those of establishing and enforcing standards in
Compatibility with compact agreements, need to be resolved. For this
Teason it is recommended that continued research be mede in all phases
of improving the quality of water. Monitoring of the quality of water

at important stations (especially near state lines) is necessary in order

that proper control can be maintained in implementation of the state
Standards.
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SALINITY CONTROL

C. Present Control Program

The increasing magnitude of the salinity problem in the Colorado

'River system, as well as the major gaps in existing knowledge concerning

its management and control and the impact that salinity could have on
future water resource developments in the Basin, have been of cauncern
to the Bureau of Reclamation and the Federal Water Pollution Control Ad-
ministration for several years. At the beginning of Fiscal Year 1968,
the two agencies initiated a cooperative program of salinity control

. studies in the Upper Basin. One phase of these studies involves the

development of a reconnaissance salinity control report for the Upper
Basin. This report, scheduled for completion by the end of F.Y. 1969,
will describe the nature and magnitude of known sources of salinity,
evaluate the economic significance of a control program, and recommend
appropriate followup feasibility studies. Similar reconnaissance stud-
ies have been proposed for the Lower Basin.

Another phase of the cooperative studies, which is being carried
out concurrently with the reconnaissance activity in the Upper Basin,
is aimed at demonstrating the practicability of controlling some of the
less complex salinity sources. Two flowing wells on White River and
Piceance Creek near Meeker, Colorado, have already been controlled dur-

ing this phase of the study.

Upon completion of these reconnaissance and feasibility studies
where control is clearly indicated, it is anticipated that the Bureau
of Reclamation and Federal Water Pollution Control Administration will
request authorization to carry out a basinwide salinity control program.

D. Future Work

Steps are being taken to launch a research study that will attempt
to predict the quality of return flow water from irrigated land.




PART X. CONCLUSIONS

- These studies indicate an overall increase in the concentration of
total dissolved solids at the various points on the Colorado River and/
or its tributaries under the conditions described, but the quality of
wvater will still be acceptable for present and projected uses.

The addition of large storage units throughout the entire basin
will stabilize the quality of water conditions during the year at many
new points in the basin and dampen out the longtime fluctuations in
wvater quality. Precipitation of total dissolved solids in the larger
reservoirs will offset some of the addition to the stream system caused
by inbasin use.

Operation of the many new reservoirs in the basin will permit in-
creased accuracy in the forecasting of the quality of water delivered to
the many projects and points of diversion in the basin.

The tributaries with exceptionally high dissolved-solids content
have minor effect on the dissolved-solids concentration of the Colorado
River as the volume of water and total tonnage of dissolved material
represent only a very small portion of the total.

The special studies of irrigation projects that have been under-
taken and their effect on the chemical gquality of water permit these pre-
liminary conclusions: '

1. The early years of irrigation are generally the most detrimental
to downstream water quality. This is primarily due to an abundance of
soluble salts not previously exposed to a large amount of water.

5. Firm determinations cannot be made during the early years of de-
Vﬂﬂpment regarding the ultimate effect of irrigation. The primary fac-
tors in establishing equilibrium are the availability cf soluble salts in
?he soils, the capacity of the ground water reservoirs, and the uniform-
Ky of irrigation practice in the area in question.

u 3. FEach irrigated area has a different effect on quality depending

mm-PTOPerties of the soils and substrata in the drainage area, number

“SYEars the land has been irrigated, number of times return flow is re-
ed, nature of the aquifers, rainfall, amount of dilution caused by
face wastes, temperature, storage reservoirs, vegetation, and types
Teturn flow channels.

tlh It must be recognized that there is a vast salt load existing
he streams and rivers due to natural conditions.




CONCLUSIONS

5. TFuture studies should consider other aspects of water quality
effects, such as ion exchange, selective precipitation of salts, and
changes in chemical composition (hardness, concentrations of specific
constituents, etc.) on the river systems.
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Colorado River Basin

Flow and Quality of Water Data

Green River near Green River, Wyoming
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Table |

Colorado River Basin
Flow ond Quality of Water Data

Green River near Green River, Wyoming

(Annual Summary) e
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Meg led quality record May 1951 to December 1966; remainder by correlation.
Sured flow record January 1941 to September 1945; and April 1951 to

SCember 1966; remainder by correlation.
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Table 2
Colorado River Basin

Flow and Quality of Water Data

Gteen River near Greendaie,Utah
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Table 2

Colorado River Basin .

Flow and Quality of Water Dato

Green River near Greendale, Utah
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::én 62 8) 50 59 .85 50 March | 1ho  __,70  __30k | 1B 7L
April {100 .68 66 B 6 April |3k .55 7| 13% -——ZE—
al e Py B 233 o5 Yay 127 s |1 .
o _m_.;__ﬁ;__m_ b2 B3 June —215——""3‘——93"—%3— 246
~195hhh§ _zgs___.ﬁa__za_:__%g:__iﬁ__lz_lw.rm _ELﬁ__g_ T __zz_
Mg, |8 TE TR —sh T 37T Mg, | B3 35 __%g:
Sept 45 69 EVE _E_B =87 ___P_ Bept. |35 __ .56 __ 20 |__ 29 :
. .95 1 Oct. " 56 .70
o | = - —- =5 —% &
Nov. 5 Bs 35 ‘2+3 gl‘ 22 l‘:z. 5k __g%_ —
T 1249 L7 sal L6 252 %03 Total | 973 ) 563 908 .
2b 75 18 23 .18 18 Jan. _ 27 .13 .20 26 .gz
:::. __zk___.L_JJ___?___"'L__‘l:Z_ Peb. (27 __.TT __ 2l 26 -Gl
March " 1.1 Lg 1 1.20 ___& March |___ 64 ___.86 S5 [51 __28_
April |06 .G 68 f 100 -68 —5— April |76 .6 R _%g_ ___%;
o |l s M — —3 96 el R S i B—
e e e e o (el e e e o
- T TR T2 ETY T 23 Sept. |55 .68 7 19 T5
o | T TR a6 |3 —no el oct. | _Bh_ 70 A5 51 T
o T _ps o | T8 T b 28 Mov. |_sh _qo __® |T e T2
Dec. L5 & a7 B3 B Dec. W e T TS T B
Total 1,001 53 538 936 .59 548 Total 781, 59 460 71 .
s0 86 43 ug 43 Jan. 43 65 12
o, 3 A — "‘&8__-&_ — M. TR TR e | e ‘—-382'
Yarcn 150 47 70 147 . ) March |__ 150 __ 8k __ 26 | _1b7 .
April 43 87 167 LT 87 April | 37h  __.55  __206 __3?__ __.ﬁs_
—m_aés 39 14 Lo B3 15 Ma: 304 5% 162 B 3 42
o %15 29 8 270 .32 180 Jume us6 b0 182 __sg_ RN
9% o gy 7 3B T [l -1962 116 2 L1
uy (207 __.33 _ €9 _gz_ ly 291 .39 e >
Aug, 10k 2 A % 2 ke |l hue. e a8 2| g i
ol 21 . pt. | b .6h 28 .
o | e A 50 19 3 oct. - gan % |k &
e 26 88 23 30 50 2l b b S 5 Lo
1,80k 4 TTk 1,786 Lk 785 Total 2,019 51 1,00k 1,954 252
& 2k 27 .89 24 Jan. 23 .9 __.2a 23 91
&0 3 .95 March . .
| = 2 5o e o et S - Anp— 2 B B — Y
m 275 .5k _18 __Eéé% __g.g_ _A;;Lg. thy g 7 J{ g 0
) 685 37 251 s fune
o5 July 1433 3% _155 116 37 156 |1 -1963 Jwy % “g 5 g JOL
hog, 152 57 Bl 131 .63 __gL Aus; 2 = .__5__6 2
b o7 B s % - it poc-Su 3 G, — )
: 5 5 5 fov. |39 o5 1 T .6
;:'- 57 100 _ 57 |58 _1.00 __ 90 Rov 17T .63
Wy | 2,020 2 o T —& i Total - —5- % —i— "—‘53‘.90
Jan, b2 .79 33 Jan. 58 .51 3 58 =57
e — I - =t X1 il i 6 5T 2 26 ST
66 7 47 63 . i March _ 37 .59 . 2’ .
Aprq) 13L &7 90 128 L7090 April |35 —‘éﬁ— _Jsg_ R .60
e | i | L - A e b~ -3 e
wy | —3- 7 61 Ls [low06h swy (Taso e e | bt .63
::'. —iL —‘-2‘2— —— 1;,333 :geg ) ;:f;é. 131 3% B0 130 62
St 1T L 26 | __3b .76 26 oct. _m_—‘ﬁL'—lL-%iL_%o—
o= e e | =R v |23 —8- =R &
&L 310 52 677 68 Total 1,258 .61 770 | 1,238 .62
1,3 .52 1,241 .55 1 o ,
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Table 2

Colorado River Basin

Flow and Quolity of Water Data

Green River near Greendale, Utah

Units — 1000
Present Modified
Concen- Concen-
Flov tration T.D.S. Flow tration T.D.S.
Mooth (A.F.) (T./A.R.) (Toos)| (A.F. T./A.F. Tons) || Year _ Mouth
Jan. 216 0.63 13 21 0.63 1& Jan.
Peb. 213 .10 149 213 - ~1h9 Peb.
March 233 1.05 245 23] 1.0%_ 24/ March
April 204 .8 160 201 .84 1é April
May 66 0 5 61 .87 ‘_é__ Moy
June 86 Th 5 291 June
1965 July 29 86 t gé .96 ; -1966 July
Aug. 31 .8 0 .90 hug.
Sept . é L3 .91 ) Sept.
Oct. 19 .19 é .19 _ 219 Oct.
Fov. 120 . g 88 120 . Fov.
Dec. ﬁE . 15 llE . 5 Dec.
Total 1,437 .19 1,142 1,417 .81 1,142 | Total
Jan. Jan.
Peb. Peb.
March March
April April
May May
June Juns
July July
Aug. Aug.
Sept. Sept.
Oct. Oct.
Nov. ¥ov.
Dec. Dec.
Total Total
Jan. “Jan.
Peb. Peb.
March March
April April
May May
June June
July July
Aug. ——— —— Avg.
Sept. Sept.
Oct. Oct.
Nov. Fov.
Dec. Dec.
Total Total
Jan. Jan.
Peb. Peb.
March March
April April
May May
! June June
July July
Aug. Aug.
Sept. Sept.
\ Oct. Oct.
i Nov Nov.
l Dec. Dec.
Total Total
‘ Jan. Jan.
Peb. Feb.
March March
April April
May May
J“J\;y June
July
Aug. Aug.
Sept. Sept.
Oct. Oct.
L‘"- Nov
C. Dec.
Tota Total
Jan, Jan.
Peb, Feb.
March March
April April
Moy May
= 3
y July
Aug, Aug.
Sept. Sept
Oct. oct.
Yov, Kov.
% Dec, Dec.
k Total
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Table 2

Colorado River Basin
Flow ond Quality of Water Data

Green River near Greendale, Utah

(Annual Summary)
Units — 1000
Historical : resent Modified
Concen- Zoncen-
Flow tration T.D.S. Flow tration T.D.S.
Year (A.F.) (T./A.F.) (Tons) (AF,) (T./A.70) (Tons
1941 1,521 0.63_ 957 | 1,451 __Q;%Z__ __969
19k2 —1,517 .63 259 1,445 < S
1943 2,089 L 928 2,017 A7 9ko
19LL 1,672 .5k 903 1,599 ST 1
19L5 1,497 .55 826 1,42k .59 838
1946 1,547 .52 799 1,471 25 811
1947 2,447 AT 1,143 2,365 .49 1,155
1948 1,458 .53 768 1,390 .56 T80
1949 1,583 .61 969 | _ 1,492 .66 981
1950 2,625 L7 1,24k 2,522 .50 1,256
1951 2,334 148 1,118 2,251 .50 1,130
1952 2,149 .52 1,117 | 2,075 .54 1,129
1953 1,282 5T T25 | 1,203 .61 13T
195k 1,249 L7 591 1,162 .52 603
1955 1,021 .53 538 236 .59 548
1956 1,804 U1 TTh 1,786 LUk 785
1957 2,020 .50 1,011 1,942 .52 1,018
1958 1,310 .52 67T 1,241 .55 681
1959 1,190 .58 687 1,125 .61 687
1960 913 .58 563 908 62 _563
1961 781 .59 L 60 16 .64 460
1962 2,019 .51 1,024 1,95k .52 1,02k
1963 170 .78 133 122 .90 110
1964 1,258 .61 770 1,238 .62 TT10
1965 1,437 .79 1,142 1,417 .81 1,142
1966 1,189 .15 889 1,189 .15 889
Total 40,232 21,715 38,441 21,892
L Average | 1,5U7T 0.5k 835 1,479 0.57 8o

Sampled quality record October 1956 to Dece

remainder by correlation.
Measured flow record entire period.
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Table 3
Colorado River Basin

Flow and Quolity of Water Data

Duchesne River near Randlett, Utah

Units —1000
% Present Modified FPresest Nodified
Flovw tnti: T.D.S. Flovw ct:::: T.D.8S. Pow mtiuj T.D.8
Month (A.r.) (T./A.F.) Tons A.T. ., A.!.! “l‘au[ Year Month L. A.7. T./A.F.
Jan. 2{ 1.12 _g_ﬁEE .12 2 J,:n - h—
Yaren 2) Jlx.n 2 L —38 2 Jarch :j?; %N 1.25: —i
. L. A .- X 8 N
e e s E R EECT =
June 232 __38 June 158 na3. —a35 ___TT
WM e |TOF O |t Tae W e 7 | T 39 3
e e e
ov. e E— K — R, | g Ll | T2 s T
Totar g T 523 o Y 522 Total _sg" —43 ﬁig_ '—jjzf' _79% —r
. 4o .0 36 ! . 6 ) . 2 . ]
. T3 o0 3 __‘g_ % _%L ey 2 _ﬁ — _% _1_03_2_ _.___}_3
March 39 3.23 3 . March 10 1.20 _ 4
'Azril 50 K) L ’E o _zg_’i April ___Jl__m :% ___3_55 - ﬁ 1 __3_8
el — = —B — =% A B —B | —F —&
a9k July 1.13 33 19 1. 33 || -1948  Juy 3 3.00 F k.50 9
Aug. _—_g%__ T2d2 AT | 1° j —ar hug. 2 3.50 7 : 3.50 T
Sept. S 2.4 12 4 .00 12 Sept. 1 ’.% - g og 0
Oct. m 27 17 1. 27 Oct. 2. 2 B 12
. 22 iﬁ AT . —t —in e ::1.135—_. Y
Do, _za__;.ea__aé____aL__%___—it Dee. -_—&I’Z__L‘%L_&E%_Ln__n_
Total | se6 .88 463 hoy 29 G2 | Total L2l .
Jan, |__ 26 _ 1.12 26 1.12 —122— Jan. 2 1.08 26 2 __1.08 26
vev. |29 __1aT 3 29 137 re. |2 Lo 0| @ 130 3
e e S g;; =3¢ — el e e B -
300" :i‘%: — s o -SRI 5 0 DU ¥ U - S — s
it 03 . I D S— Y — Y e S R - S — U —
Iy 139 o .52 2 (7Y % 2.2k on 5 3.00
be | 2% —|—5 3% —% Pl —F —55 17 3 28 o
oOct., 22 1% |2 18 Oct. 25 _ 1,28 _ 32| 24 _ 1.33 _ 32
Tor. T T |z L 34 ov. __eg___;.-.u__az_.__gL_z.zs____a%.
Total | B0 % 5k Lk 1.00 53 Total sy .18 o7 502 X
Jan. 23 1.08 25 23 1.09 25 Jan. 31 1.00 31 31 1.00 31
::&_46__1&._3%___%_%:32}_% Feb. _%__1.23___32__26__1.23._3&
April ﬁ :@ Ei Lo .00 5 . April R 1.00 EE Eg .10 Eﬁ
My 128 5 73 113 .65 3 May 97 .6 [ 79 T
ue |23 3L b | T3t T30 93 June 193 .83 83 —In R 82
W oy .T: 59 T] .11 59 || -1950 Jwy s~ 1.00 L5 1.12 kS
Aug. 8 " B.00 16| 6 __2.61 6 Ag. |9 200 38|77 257 . 1E
(s):m.___hL_,_z.lL__lL_._S___L_%Q__li_ Sept. _._1.___1.1%__23___1%__&.01__13_
t. 2 _ 1.37 3323 _1.43 . ]é o 1 1. l§ 25
o | —2- 2 /| —B s b et |—8 B S|k O %
R e e i e ] B o e e e el
Jam. |__3 _ 200 __ 3| 3 _ 1.0 __ 30 . 2 1.00 2 . 2
. | T2 T T m | Tz a8 a2 i-’::. _ul__a_ﬁ_iﬁ__a_
March __3z._1..lw____.{|5___3L__1.§L.__1§_ March _23___1.56__36___23__1.%_3%
My |24 g | g2 L T a April USRS v S P T do 2k
Nay T . 51| W 101 51 May __E____ﬁ_ﬁ__j__i_
1ok J.,J“Ty . .61 &1 I .78 60 R 2k .3 o1 105 a‘s‘ 2
0 1 37 % T2 37 |l - pvced Y
. |T—=” a9 T 37 |29 37 f 2 £ — | —5 —I% ——"ﬁ'a
. 2 TLp 21 1 91 21 e, | —E- T T __zg_ —h T
Oct. ”—2%‘ 238 29 20 145 29 Oct. 25 1.2 32 2 .~..1_§g, 32
Fov. S e _gg_ — ___Jié_ 33 Nov. ”_12_ i'i 39| TTieb 39
e R v i ST B e | —PE | iR —w
Jan. 23 1.13 26 23 1.13 26 Jan. 28 1.0 30 28 1.07 30
Peb, 22 1 %2 21 1.35 Eg Feb. 26 Ek 26 1,32 Ek
March R . 31 o
t};ﬂ - _1L_.oo j ___3__3 % ___5% 3:?1’ zﬁ % 61 i%_ :12[1- 61
100 J‘Ju:l:; —i 2:23 —|—3 R Y 152 it o % —i 2’616 — 36 _mﬁ
e e e e
Sept. _2_15_____%._2___3_7_:% Sept. [ 30 1.2 28 1.28
Oct. 17 1.53 Y ;.2 Oct. — 1,38 __23- ——lg— ——33-
Bov. |32 .22 :ng R T W Rov. 2 1.31 2 ﬁ
Dec, |30 .20 _m__xm_j Dec. _zz__imj__u__l.n_ji
Total 324 1.26 375 287 1.30 374 Total 1,035 60 619 96k .6k 617
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Table 3
Colorado River Basin

Flow and Quality of Woter'Doto

Duchesne River near Randlett, Utah

Units —1000
Hi